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ABSTRACT 


Aircraft  sampling  penetrations  of  &  low-yield  nuclear  cloud  from  a  land-surface 
burst  in  Nevada  were  made  at  four  altitudes,  from  20  to  54  minutes  after  deto¬ 
nation.  Samples  from  each  of  the  four  levels  were  radiochemically  analyzed  for 
15  fission  product  isotopes.  Other  samples  from  each  level  were  fractionated 
into  seven  particle  size  groups  by  settling  in  benzene.  The  individual  size 
fractions  were  analyzed  radiochemically  and  by  gamma  spectrometry.  Particle 
size  distributions  and  specific  activities  were  measured  in  the  untreated  and 
artificially  fractionated  specimens  of  debris.  Fallout  samples  were  collected 
in  trays  along  the  fallout  hot-line.  The  fallout  samples  were  radiochemically 
and  gamma  spectrometrlcally  analyzed. 

The  extensive  radiochemical  and  physical  data  published  by  NRDL  on  the 
fallout  samples  (Reference  9)  were  used  in  conjunction  with  the  cloud  data  to 
establish:  (1)  approximately  70  to  75  percent  of  Zr*  and  die  rare  earth  refrac¬ 
tory  fission  products  had  fallen  out  of  the  cloud  within  20  minutes  of  the  detona¬ 
tion.  Of  die  25  percent  remaining,  about  15  percent  later  fell  out  locally  and  at 
intermediate  distances;  die  remaining  10  percent  resided  in  particles  less  than 
18  micron  diameter  and  was  carried  to  larger  distances.  (2)  Approximately  5 
percent  of  Cs*T  and  Sr*’  fell  out  of  the  cloud  in  die  first  20  minutes.  Of  the  Cs 
remaining  in  the  20 -minute  cloud,  about  25  percent  fell  out  locally  and  at  inter¬ 
mediate  distances;  the  remaining  70  to  75  percent  was  associated  with  particles 
less  than  18  microns  in  diameter  and  was  dispersed  to  larger  distances. 

The  partitioning  of  18  fission  product  chains  between  the  cloud  and  die  prompt 
fallout  has  been  determined  from  the  detailed  radiochemistry  of  die  cloud  and 
fallout  samples.  All  are  intermediate  between  Zr  and  Cs  in  partitioning  behavior. 

The  radiochemical  composition  of  prompt  fallout  particulates  can  be  system¬ 
atized  on  the  oasis  of  a  simple  model  employing  the  concept  of  fallout  formation 
time. 

The  R  value  data  for  die  cloud  are  satisfactorily  fit  by  the  relationship 
Ri,M  -  (R|,,n)n  where  n  varies  between  0  and  1  for  the  different  isotopes.  The 
relationship  is  not  extrapola table  to  the  composition  of  the  fallout  samples. 

Three  specific  activity  and  particle  size  distribution  behaviors  can  be  dis¬ 
cerned:  irregulars  in  the  cloud;  Irregulars  in  the  prompt  fallout;  and  spheres 
in  die  cloud. 

The  particle  frequency  functions  for  the  irregulars  in  die  cloud  can  be  fit  by 
F(DJoc/d*’*.  The  size  distribution  for  spheres  appears  to  be  approximately  log- 
normally  distributed  about  a  mean  of  30  microns. 

The  specific  activity  of  all  isotopes  in  die  cloud  is  highest  in  die  smallest 
particles.  8*  (fissions  of  Zr”  per  gram)  in  the  cloud  decreases  with  increasing 
particle  size  but  averages  about  8  x  I0a  ,  similar  to  the  value  In  the  most 
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Intense  prompt  fallout  samples.  SUT  In  the  cloud  averaged  4  x  10 u  flsslons/gm 
oompered  to  1.2  x  10u  in  the  intense  prompt  fallout.  The  relationship  between 
8m  and  diameter  is  given  by:  Sm  cD't,,±l1 .  SUT  follows  no  simple  relationship 
with  D  over  the  entire  size  range  but  die  distribution  of  Cs  between  particles 
>  18/i  and  <  18 /i  can  be  fit  by  BUT«  D“l .  Data  on  die  regulars  (spheres)  are  ten¬ 
tative.  The  spheres  exhibit  a  somewhat  higher  specific  activity  (Sm)  than  the 
irregulars.  No  more  than  10  percent  of  die  cloud  fission  activity  is  borne  by 
spheres.  Microprobe  analysis  demonstrates  most  spheres  contain  iron,  with 
various  quantities  of  Cr,  Mn,  Ni,  and  Zn,  some  of  which  show  a  tendency  to  be 
enriched  relative  to  iron  as  particle  size  increases. 

The  importance  of  synthesizing  data  from  oloud  and  surface  sampling  analy¬ 
sis  programs  is  stressed.  Isotopic  fractionation  is  used  as  a  tool  in  arriving 
at  a  partitioning  between  prompt  and  more  remote  fallout. 
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activity  relationships  as  a  function  of  particle  size.  Airman  Clark's  contribu¬ 
tions  to  this  study  were  of  signal  value  as  well  in  many  of  the  interpretive  as¬ 
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CHAPTER  1 
INTRODUCTION 


1.1  OBJECTIVES 

The  prime  objective  of  this  study  vas  to  define  the  radio¬ 
chemical  and  physical  characteristics  of  the  nuclear  cloud  in 
a  three-dimensional  sense  and  to  relate  these  characteristics 
to  those  found  in  prompt  fallout  samples  along  the  hot- line. 
Parameters  to  be  investigated  were:  (1)  the  particle  size 
distribution  in  the  cloud;  (2)  the  relationship  between  particle 
size  and  individual  radionuclide  specific  activity  of  regular 
and  irregular  particles;  (3)  partition  of  isotope  activity 
between  the  cloud  and  prompt  fallout;  ( U )  the  ultimate  disposition 
of  the  cloud's  isotopic  content  downwind  as  determined  by  particle 
size  considerations;  (5)  the  fractionation  systematica  of  the 
event;  (6)  the  composition  of  regular  and  irregular  particles 
as  determined  by  electron  bean  microprobe  analysis. 

1.2  BACKGROUND 

Only  a  handful  of  nuclear  explosions  have  been  conducted 
by  the  United  States  on  continental  land  surfaces  prior  to 
Johnie  Boy.  These  have  all  been  of  lew  yield  (in  the  vicinity 
of  2  kt  or  less).  Most  have  been  the  object  of  intensive 
fallout  investigations  since  they  represent  the  only  basis  on 
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which  to  suggest  similarity  and  differences  between  fallout 
phenomenology  given  by  high*yield  surface  bursts  on  barges  or 
on  coral  islands  snd  the  phenomenology  that  would  result  from 
high-yield  continental  surface  bursts. 

A  sound  fallout  model  leans  heavily  on  assumptions  con¬ 
cerning  relationships  between  particle  size  and  specific  v, 

activity  and  the  variation  of  these  quantities  with  yield 
and  burst  conditions.  Despite  many  years  of  experimental 
fallout  studies  much  of  the  basic  physical  input  data  incorpo¬ 
rated  into  fallout  models  and  the  scaling  laws  used  in  going 
from  low  to  high  yields  are  uncertain.  Specifically  open 
to  question  are  (1)  the  particle  size  distribution,  normally 
taken  to  be  yield-insensitive  and  log-normal  in  form;  (2)  the 
relationship  between  specific  activity  and  particle  size, 
usually  taken  to  be  independent  of  particle  size  and  unperturbed 
by  fractionation;  (3)  the  specific  activity  in  a  given  size 
interval,  commonly  assumed  to  be  directly  scalable  with  yield; 
(4)  the  ignoring,  until  very  recently,  of  the  importance  of 
isotope  fractionation  in  affecting  the  character  and  intensity 
of  the  fallout  field,  and  the  partitioning  between  close-in 
and  more  remote  fallout.  Ideally,  limitations  of  a  fallout 
model  should  be  imposed  more  by  uncertainties  in  the  meteor¬ 
ology  and  tho  three-dimensional  distribution  of  the  radioactive 
debris  in  the  cloud  than  by  inadequacies  in  basic  physical  data. 
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The  relatively  poor  understanding  of  close-in  fallout 
phenomena  ( considering  the  large  number  of  experimental 
opportunities  provided)must  be  attriouted  in  part  to  fragmenta¬ 
tion  of  effort.  Until  recently  only  desultory  attempts  have 
been  made  to  correlate  information  obtained  from  cloud  samples 
with  those  derived  from  associated  ground  fallout  samples. 
Traditionally,  aerial  cloud  sampling  and  surface  experimental 
groups  had  quite  different  objectives  and  oorrcwed  little 
of  each  other's  data.  Notable  contributions  in  recent  years 
by  Freiling  (References  142)  are  in  part  due  to  a  considera¬ 
tion  of  both  cloud  and  ground  fallout  analyses.  Also,  useful 
information  possessed  by  agencies  that  are  not  interested  in 
the  fallout  problem  per  se  can  be  extracted  in  a  form  that 
reveals  no  sensitive  details.  For  example,  if  fission  product 
R  values  of  a  given  event  are  reported  in  terms  of  their  ratio 
to  an  expected  norm  (tne  K  value  of  an  un fractionated  sample 
appropriate  to  the  device  in  question),  then  not  even  the 
fission  product  yield  curve  of  the  device  is  revealed.  These 
normalised  R  values  are  referred  to  as  R'  in  this  report. 

Isotopic  fractionation  is  a  powerful  and  relatively 
unexploited  tool  in  tne  study  of  surface-burst  explosions. 

If  well  documented  specially,  isotopic  fractionation  patterns 
permit  one  to  partition  individual  isotopic  radioactivities 


between  persistent  cloud  cosponents  end  fallout*  and  with 
soaw  confidence,  between  various  particle  fractions  in  the 
persistent  cloud. 

1.2.1  Characteristics  of  Ground-Burst  Debris. 

Stevenson  (Reference  3),  and  Freiling  (References  1  and  2) 
have  demonstrated  the  existence  of  systematic  isotopic  fractiona¬ 
tion  patterns  in  ground  burst  debris.  The  relevant  data  of 
Stevenson  and  Freiling  are  mostly  confined  to  large  yield 
Pacific  coral  island  tests. 

Stevenson  found  that  the  fractionation  patterns  of  cloud 
samples  from  coral  atoll  surface  shots  can  be  reasonably  well 
fit  by  a  linear  R  value  plot.  Freiling,  however,  in  an 
extensive  study  of  the  fractionation  of  coral  island  and 
water  surface  bursts,  in  which  cloud  and  fallout  samples 
both  were  measured,  found  it  necessary  to  invoke  a  logarithmic 
plot.  Logarithmic  plots  of  Rj^g^  versus  R^  ^  give  straight 
lines  fitting  both  classes  of  burst  quite  well*  under  conditions 
whereby  R  value  ratios  fractionated  over  a  two  order  of  Magnitude 
range. 

Freiling  has  suggested  (Reference  2)  that  the  power  law 
fit  of  the  fractionated  Sr^  R  values,  R^  *  ^**95, 09^°*  UQr 
be  related  to  the  mathematical  fact  that  the  product  function  x0. 

Log  normal  (x)  is  also  log  actual  ia  fans  and  with  the  sens 


variance.  lhus,  if  the  particle  size  distribution  is  log¬ 
normal,  the  particle  area  and  the  particle  volume  functions 
should  also  be  log-normally  distributed.  Freiling  suggests 
that  the  most  refractory  isotopes,  e.g.,  Zr^  and  Ce1^ will 
be  incorporated  in  the  fallout  material  throughout  the  volume 
of  the  particles,  whereas  such  species  as  Sr®^  and  Cs^^, 
vhich  are  mainly  in  the  form  of  volatile  precursors  at  the  tine 
of  condensation  of  the  particle  matrix,  will  distribute  themselves 
on  the  surface  of  the  particles  and  will  be  log-normally 
distributed  as  D2.  All  other  radionuclide  chains  will  exhibit 
an  intermediate  character  between  Sr*"  and  Zr^,  being  partly 
attached  to  the  surface  and  partly  incorporated  in  the  particle. 

Since  radionuclide  composition  and  particle  size  are 
intimately  related,  with  refractory  isotopes  showing  an 
enrichment  relative  to  volatile  isotopes  in  large  particles, 
at  least  the  qualitative  features  of  Freiling' s  hypothesis 
are  borne  out  by  the  facts.  It  is  possible,  however, 
that  a  randomized  surface  attachment,  directly  related  to  the 
re fr activity  of  the  chain  in  question  will  probably  equally 
well  account  for  the  observations.  Ihe  closest  approach  to 
ideal  condensation  behavior,  as  Freiling  emphasizes ,  should 
be  given  by  airburst  condensation  processes,  where  the 
entire  matrix  is  initially  in  the  vaporized  state.  However, 
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the  specific  activity  of  individual  airburst  particles  in 
the  micron  size  range  has  been  observed  by  the  author  to 
decrease  with  size.  These  airburst  particles  are  highly 

A 

enriched  in  refractory  relative  to  volatile  isotopes,  and  the 
majority  of  their  activity  is  due  to  the  refractory 
radioisotope  components  and  rare  earths).  Hence  one 

would  expect  a  gross  specific  activity  relationship  which 

p 

is  essentially  constant,  or  which  falls  off  between  D 
3 

and  D  .  In  fact,  the  fall  off  in  specific  activity  with  D  is 

p 

much  steeper  than  Dc  in  the  majority  of  instances  observed 
(Reference  U).  In  a  surface  burst  a  large  fraction  of  the 
matrix  to  which  the  radioactive  components  can  be  attached  has 
never  been  volatilized  at  all.  Thus  surface  attachment  of  the 
fission  fragments  to  larger  inert  particles  must  be  considered 
an  important  mode  of  association  in  ground  bursts. 

Particle  Size  Distribution.  The  HRDL  D-Model  (Reference  5) 
for  fallout  assumes  a  log-normal  particle  size  distribution 
for  Nevada  soil  with  Log^D  =  2.053  and  o=  0.732.  Values 
adopted  for  coral  are  *  2.209  ando  =  0.424.  RAND 

(Reference  5)  uses  a  distribution  defined  by  log^D  *  1.65 
ando=0.69  to  describe  955»  of  the  cloud,  and  log^QD  *  2.3^ 
ando  =0.50  to  describe  the  remaining  5$.  Both  models 
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assume  a  uniform  activity  distribution  with  mass.  For  example , 
the  RAND  model  vith  log^D  ■  1.95  puts  9555  of  the  activity 
between  20  and  360  micron  diameter  particles,  and  with 
log1QD  ■  2.51*,  95)t  of  the  activity  is  between  160  and  1200  microns 
Specific  Activity  and  Particle  Size.  Hie  literature  on 
particle  size  distributions,  and  specific  activity  as  a 
function  of  particle  size  (mostly  gross  activity  data,  un¬ 
differentiated  by  nuclide  assay),  is  abundant.  This  resume 
will  confine  itself  to  Jangle  S,  Jangle  U,  and  Teapot  ESS 
(References  6  through  8). 

(l)  Hie  highest  specific  activities  we  have  been  able 

to  find  documented  r adi och emi c ally  for  Jangle  S  and  Jangle  U 
13  99 

are  2.9  x  10  fissions  of  Mo  per  gram  of  fallout.  In  Jangle  U, 
99 

Mo  appeared  to  be  the  most  refractory  isotope.  Judging  from 

95  lbU 

comparative  analyses  of  Lt  and  Ce  in  the  specimens 

lUU 

(References  7  and  8).  In  Teapot  ESS,  S  (expressed  in  fissions 

of  Ce  per  gram  of  fallout  and  estimated  by  us  from  the  dpm/ga 

13 

data)  exhibited  a  maximum  of  about  2.3  x  10  ,  along 

the  hot-line ,  although  one  sample  collected  3,400  yards  from 

lU 

ground  zero  gave  an  estimated  S^  of  5  x  10  fissions  per  gram 
(Reference  6).  This  is  probably  a  sample  of  true  fireball 
material.  It  is  estimated  that  one  ton  of  yield  will  vaporise 
about  0.4  ton  of  soil.  Thus,  a  reasonable  upper  limit  for 
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the  specific  activity  of  a  soil-like  fission  product  as 
lUU  i  li 

Cc  would  be  about  3.5  x  10  fisBions/gn  of  prompt  fallout. 

The  average  specific  activity  for  a  given  event  is  difficult 
to  determine  without  a  comprehensive  analysis  of  all  pertinent 

12 

data,  for  example,  in  Teapot  h'SS,  increased  from  U.5  x  10 

at  300  yards  (P/hr  «  1*150)  to  2.3  x  lO1^  at  3,400  yards  (R/hr  »  1*3) 

12 

A  crudely  weighted  average  of  about  5.5  x  10  Fj^/gm  is 
indicated. 

(2)  The  specific  activity  generally  decreased  with  particle 
size  but  was  constant  to  within  a  factor  of  two  over  the 

range  of  1*00  to  3000  microns.  In  Jangle  S  and  Jangle  U,  95#  of 

the  total  activity  was  found  in  particles  in  excess  of  20 

microns  diameter.  There  is  some  tendency  for  enrichment  of 

Sr®^  and  Ba1*4®  in  the  finer  particles  relative  to  Zr^  or 
ll*l* 

Ce  .  Typically,  ground  fallout  particles  contain  less 

89 

than  10#  of  their  representative  Sr  content  and  about  35# 

ll*0 

of  their  representative  Ba  content  relative  to  the  refractory 
isotopes  (Reference  6  through  8). 

(3)  The  fraction  of  fully  active  particle  in  the 
intense,  praspt  fallout  increases  with  particle  size.  It 
i3  estimated  in  Jangle  U  that  0.1#,  and  10#  of  1,  10  and 
IOC- micron  particles,  respectively, were  active.  In  Teapot  £S8, 
12#  of  particles  larger  than  200  microns  were  fully  active 

and  39#  were  surface  active. 
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( U )  Hot  particles  have  a  number  mean  diameter  larger 

than  cold  particles.  The  standard  deviation  of  the  frequency 

curves  of  hot  and  cold  particles  are  comparable.  The  mass 

distribution  for  the  prompt  fallout  along  the  hot-line  generally 

is  peaked  to  larger  sizes  than  the  undiaturbed  preshot  soil. 

(5)  The  radiochemical  composition  of  cloud  and  fallout 

samples  indicates  severe  fractionation  of  isotopic  ratios 

of  &  complementary  nature.  The  refractory  isotopes  Zr^, 
lUU  99 

Ce  )  and  Mo  are  enriched  in  the  fallout  samples.  The 
volatile  isotopes  Sr®^,  Ba1**0,  Ag11*  and  Ru10^  are  enriched 
in  the  cloud  samples.  To  our  knowledge  material  balance 
calculations  have  not  been  performed  for  these  events, 
whereby  an  attempt  was  made  to  partition  radioisotope  activities 
between  surface  end  the  cloud. 


CHAPTER  2 


PROCEDURE 

2.1  AIRCRAFT  SAMPLING 

Three  WB-57  aircraft  equipped  with  wing-tip  tank  samplers 
penetrated  the  cloud  at  five  levels  between  20  and  5**  minutes 
after  the  detonation.  Each  tip  tank  exposed  a  U. 75- square 
foot  IPC  filter  paper.  The  tanks  were  equipped  with  an  open- 
close  valve  which  was  activated  from  within  the  aircraft.  Flaw 
rate  through  the  filter  paper  was  approximately  1,500  linear 
feet  per  minute .  At  these  face  velocities  IPC  was  almost  100% 
efficient  for  all  particles  with  diameters  in  excess  of  ‘v.Ol 
micron  diameter.  IPC  is  a  cellulose  mat  paper  which  is 
impregnated  with  kronisol  ( dibutoxyethylphthalate ) .  Its 
extreme  purity  from  inorganic  contaminants  and  its  suitability 
tor  dry  or  wet  ashing  manipulation  in  the  laboratory  render 
it  most  useful  for  studying  the  chemical  and  physical  properties 
of  aerosols . 

The  sampling  aircraft  were  equipped  with  a  number  of 
active  and  passive  radiation  measuring  devices.  Table  2.1 
summarises  the  salient  features  of  each  of  the  six  independent 
penetrations  between  9,500  and  14,000  feet  M8L,  the  approxi¬ 
mate  upper  and  lover  boundaries  of  the  intense  cloud.  Ground 
sero  vas  5,153  feet  M8L. 
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In  Table  2 . 1,  R  refers  to  roentgens  and  F  to  fissions. 

F( gross)  vas  obtained  by  Los  Alamos  between  11  +  1  and  H  ♦  2 

hours,  using  standard  assay  techniques.  and 

05  137 a 

were  obtained  radiochemically  by  assay  of  Zr'y  and  Cs 
The  parenthesized  numbers  are  exponents  of  10,  e.g., 
l.6(iU)  ■  1.6  x  lO1^  (see  Appendix  A). 

2.2  FALLOUT  SAMPLING 

2 

Fallout  samples  were  collected  in  0 . 75  ft  cake  pans 
filled  with  Nevada  soil,  placed  along  the  anticipated  hot¬ 
line  (10°  east  of  north)  at  500  ,  700,  1,100,  1,300,  and  1,500 
yards  from  ground  zero.  The  addition  Of  soil  to  the  pans 
was  most  poorly  conceived.  The  fallout  samples  were  difficult 
to  analyze  in  a  representative  fashion,  and  only  a  limited 
number  of  radiochemical  and  gamma  spectrometric  data  were 
obtained  from  them.  They  were  useful,  however,  in  demonstrating 
some  of  the  compositional  relationships  between  the  largest 
debris  found  in  the  cloud  and  the  fallout  and  provided 
a  few  cross-check  points  on  the  very  extensive  radio¬ 
chemical  data  on  the  fallout  samples  given  in  Reference  9. 
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2.3  AERIAL  FILTER  PAPER  ANALYSIS 


A  portion  of  each  filter  paper  was  dissolved  and  analysed 
radiochemically  for  Sr89,  Sr90,  Y91,  Zr95,  Mo99,  Cd115m* 

Sn123  Sn125-  Ru103,  Ru106,  Te1290,  Te132,  Cs137,  BalU°, 

Ce^*\  Ce^**11,  Pr^3,  and  Nd^7.  Standard  carrier 
radiochemical  procedures  vere  employed.  Itae  results  are 
reported  as  R  values.  An  R  value  is  defined  as: 


_  jVWj.B. 

(Ai/A99V35 


(thermal  fission) 


Here  is  the  disintegration  rate  of  isotope  i,  is  the 

99 

disintegration  rate  of  Mo".  Hie  numerator  is  the  dis- 

99 

integration  rate  of  the  isotope  relative  to  Mo  in  Johnie  Boy 
debris',  the  denominator  is  the  ratio  of  the  Isotope  disintegration 


M 


go 

rate  to  No  found  in  the  thermal  neutron  fission  of 
U235.  An  B*  value  is  defined  in  a  similar  fashion: 

*  -  - 

'  i/a99'J.B.  unfractionated 

The  radiochemical  analysis  methods  have  been  calibrated 
by  thermal  neutron  irradiations  and  are  generally  accurate 
to  about  10/S. 

2.b  PARTICLE  SIZE  AND  SPECIFIC  ACTIVITY  STUDIES 

2.1*.  1  Benzene  Column  Sedimentation.  A  known  fraction 
of  IPC  filter  paper  vas  dry  ashed  at  460  to  500°C  for  24  to  36  hours 
Hie  ash  vas  suspended  in  benzene  in  a  500- ml  graduated  cylinder 
vigorously  stirred,  and  then  alloved  to  settle  for  120  minutes. 
The  top  1*00  ml  was  withdrawn  and  filtered  through  Whatman  #1*2 
filter  paper.  (The  filtrate  vas  inactive).  One  quarter  of 
the  filter  paper  sample  vas  reserved  for  microscopic  particle 
sizing,  as  described  below.  The  remainder  vas  dissolved  and 
transferred  to  an  ampoule  for  gamma  spectrooetric  measurements, 
using  a  2-  by  4 -foot  Nal  well  counter.  The  100  ml  of  bsnsens 
suspension  remaining  contained  all  particles  that  had  fallen 
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from  higher  levels  in  120  minutes.  The  volume  v&s  again  made 
up  to  500  ml  with  benzene,  stirred,  and  then  allowed  to  settle 
for  60  minutes.  As  oefore,  the  top  U00  ml  was  withdrawn, 
filtered, and  treated  as  above.  This  procedure  was  repeated 
for  successive  settling  times  of  30m,  15m,  and  lm.  The 
residue  from  the  1-minute  settling  fraction  was  filtered 
directly.  In  this  manner,  28  samples  (seven  at  each  sampling 
level)  were  obtained  for  gamma  spectrometry,  radiochemical 
analysis,  and  optical  microscopy. 

2.h.2  Particle  Sizing  by  Optical  Microscopy.  Particle 
size  distributions  were  obtained  on  samples  of  unsized  aerial 
filter  samples  and  on  those  which  had  been  subjected  to  the 
benzene  column  sedimentation.  A  few  milligrams  of  the  debris 
were  suspended  in  a  collodion-ether-alcohol  solution, 
spread  evenly  on  a  glass  microscope  slide,  and  frequency- 
diameter  data  were  recorded  under  magnifications  of  100  to  500. 
The  diameter  recorded  is  the  projection  on  the  horizontal 
axis.  Frequency  curves  were  established  for  both  irregular 
and  for  spherical  particles  (see  Appendix  B). 

2.U.3  Gamma  Spectrometry  of  Particle  Fractions.  Gamma 
spectrometric  measurements  were  performed  on  the  28  benzene 
fractions,  on  samples  of  undifferentiated  debris^  and  on  soil 
samples.  The  majority  of  the  measurements  were  performed  UUo 
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days  or  more  after  tQ.  At  this  time,  the  samples  contained 

only  the  following  major  Y-emitting  components:  — 

Ru10^  -  Rh10^;  Zr^  -  Nb^5;  Cs^^;  and  Co^°.  Earlier 

1  to  iUo  1U1 

measurements  established  the  levels  of  Ba^  -La  ,  Ce 
103 

and  Ru  in  selected  samples.  Interestingly,  the  late 
gamma  spectra  provide  information  on  two  very  refractory 
isotopes  (Zr^5  and  Ce11*1*) ,  an  isotope  with  intermediate 
volatility  characteristics  (Ru10^),  an  induced  isotope 
(Co^)  and  a  very  volatile  isotope  (Ca^^).  Because  of  the 
limited  number  of  components,  and  the  reasonable  separation 
of  photo-peak  energies ,  it  was  possible  to  establish  the 
levels  of  all  components  to  approximately  10%.  The  gamma 
spectrcmetric  efficiencies  were  calibrated,  post-faeto, 
by  radiochemical  analysis  of  selected  samples. 

2.U.U  Specific  Activity  Measurements.  Direct  specific 
activity  measurements  were  performed  only  on  the  11K  and 
14K  samples.  Samples  of  dust  were  weighed  and  assayed  on 
the  gemma  spectrometer.  These  represented  the  average 

specific  activity,  expressed  in  F95’  FlM»’  F137,ind  F106 
per  gram.  As  veil,  each  of  the  seven  fractions  obtained  in 
the  benzene  sedimentation  of  the  11K  and  14K  debris  were 
weighed  and  assayed.  The  specific  activities  of  a  few 
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individual  particle*  of  spherical  debris  were  assayed  on  a 
low  background  beta  counter  and  the  results  expressed  as 


w 

2.1*. 5  Electron  Been  Microprobe  Analysis.  An  Applied 
Research  electron  microprobe  analyser  vas  used  in  these 
studies.  Complete  elemental  analysis,  vithin  the  limits 
of  the  probe  (Mg  to  higher  Z),  vas  performed  on  sane  tvo  hundred 
and  fifty  particles  sampled  from  different  heights.  The 
majority  examined  vere  metallic  or  metallic  oxide  spheres 
in  the  5  to  30  micron  diameter  range.  Particles  vere  located 
and  sised  by  the  electron  back-scatter  technique.  The  probe 
vas  svitched  to  spot  mode  and  an  electron  beam  spot,  one 
micron  in  diameter,  vas  positioned  directly  on  top  of  the 
particle  in  question.  The  X-ray  detectors  vere  then  scanned 
through  the  required  vave lengths  and  die  intensity  versus  wave¬ 
length  data  vere  recorded  as  mass  concentration  units  on 
the  read-out.  Data  are  reported  for  Pe,  Cr,  Co,  Nl,  Ms, 

Zn.  At  the  moment  the  unit  has  not  been 

calibrated  for  spherical  particles  of  varying  composition, 
and  the  data  reported  are  at  best  quail tat'/e.  Details  are 
to  be  found  in  Appendix  D. 
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TABLE  2.1  CLOUS  SAMPLING  DATA  (9800  to  14,000  foot  MSL) 


9.5K 

11K 

11K 

12K 

13.5-14K  l4K 

A/C 

81t2-R 

8U2-L 

8U2-L 

2U5-L 

2U5-R 

827-L 

Tine 

33  m 

20  m 

25  m 

48  b 

5A  b 

20  m 

R/hr(  eve ) 

>t 

10 

30 

0.05 

U 

75 

R/hr(max) 

6 

60 

60 

0.1 

8 

200 

t(eec) 

30 

10 

15 

68 

83 

17 

B(  total) 

0.45 

0.2 

0.3 

001 

0.35 

0.6 

T( gross) 

1.7(11*) 

4.2(14) 

- 

- 

7.6(Ht) 

8.lt(lU) 

P/eec 

057(13) 

1.7(13) 

- 

- 

0.9(13) 

4.9(13) 

V"' 

- 

0.71(13) 

- 

- 

- 

1.0(13) 

F137/MC 

- 

1.6(13) 

- 

- 

- 

8.0(13) 

CHAPTER  3 


RESULTS  AND  DISCUSSION 

3.1  DISTRIBUTION  OF  RADIOACTIVITY  IN  THE  CLOUD 

Hie  active  and  passive  radioactivity  measurements 
summarized  in  Table  2.1  make  it  clear  that  the  most  intense 
portion  of  the  cloud  was  in  the  vicinity  of  14,000  feet,  both 
at  20  and  at  54  minutes  after  detonation.  On  any  basis  (peak 
R/hr,  average  R/hr,  total  fissions  collected,  or  fissions 
per  second  collected),  the  intensity  profile  increases  from 
the  cloud  bottom  at  about  9,500  feet  to  the  top  at  14,000  feet. 

The  purpose  to  which  the  radiochemical  data  of  the  cloud  will 
be  put  does  not  require  a  volume  integration  of  the  cloud 
but  only  a  knowledge  of  its  relative  intensity  as  a  function 
of  altitude.  In  the  sampling  effort  an  attempt  was  made  to 
penetrate  the  region  of  maximum  intensity  in  each  of  the 
six  passes.  Accordingly  we  will  adopt  a  profile  of  intensity 
versus  altitude  based  upon  the  fission  collection  rate  (F/sec) 
encountered  at  9.5K,  11K, and  lUK,  from  20  to  33  minutes  after 
tQ.  The  relative  values  are  1.0,  3-O^and  8.6  at  three  altitudes, 
respectively.  These  figures  will  be  used  to  weight  the  radio¬ 
chemical  R  values  found  at  each  of  the  four  sampling  altitudes 
in  order  to  obtain  an  average  radiochemical  composition  of  the 
cloud.  Table  3.1  gives  the  intensity  versus  altitude  weighting 
factors  adopted. 
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Although  this  procedure  is  quite  arbitrary,  the  partition  of 
radioactivity  between  the  cloud  and  the  prompt  fallout,  vhleh 
will  be  derived  from  it,  is  relatively  insensitive  to  the 
weighting  method  adopted.  Prime  weight  must  be  given,  in 
any  event,  to  the  13.5  and  lit- thousand  foot  samples. 

3.2  RADIOCHEMICAL  COMPOSITION  OF  CLOUD  SAMPLES 

go 

The  radiochemical  R  values,  relative  to  Sr  ,  are  sum¬ 
marized  in  Table  3.2  for  the  9.5K,  11K,  13.5K^and  lbK  cloud 
samples .  The  entry  for  Are  R  will  be  explained  in  Paragraph 
3.2.1. 

In  Figure  3.1  Rj,  is  plotted  against  *95^9*  ®»e  points 
are  seen  to  fit  the  relationship: 


Ri,89  "  1*00  t  -05  <*89,95>n 

where  n  varies  between  0  and  1.  Species  having  the  sane 
volatility  characteristics  in  the  cloud  as  S r®^  have  sero 
slopes  on  the  log-log  plot.  Species  having  the  sane  refractory 
characteristics  as  Z r^  have  slopes  near  1.0.  Those  exhibiting 
an  intemedlate  behavior,  as  Ce1*1,  T*1,  la1*0,  Te18*  and 
Te^32  have  intsmsdiate  slopes. 
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3.2.1  Average  Composition  of  the  Cloud.  Using  the 
weighting  factors  in  Table  3.1*  the  average  value  of  the 
8(39/2*95  £  1*1^  ratio  is  calculated  from  the  relationship: 


R(Z)  was  obtained  from  Table  3.2  by  linear  interpolation  at 
0.5K  intervals.  The  result  obtained  is  Rg^  ^  ■  3.**3»  or 
^95  89  "  «292.  To  a  good  approximation ,  the  average  composi¬ 
tion  is  given  by  the  13. 5K  cloud  values  in  Table  3.2. 

Values  chosen  from  the  curves  of  Figure  3.1  at  ^7  *  *292 
are  given  in  the  final  column  of  Table  3.2. 

3.2.2  Radiochemical  Composition  and  Particle  Site.  The 
R  values  of  Zr^,  Ce1**^  and  Ru10^  relative  to  Cs13^  for  each 
of  the  28  laboratory  fractionated  samples  are  given  in  Table  3.b 

The  data  in  Table  3.3  are  based  on  gamma  spectrometric 
measurements ,  supplemented  by  radiochemical  analysis  for 

calibration  purposes. 

In  Table  3.3  the  column  headings  refer  to  the  time 

the  debris  was  allowed  to  settle  in  the  benzene  column  prior 

to  decantation  and  filtration  (see  Section  2.U.1  for  details). 

The  approximate  cut-off  diameters  of  the  particles,  in  microns 

for  each  of  the  seven  fractions  are  listed  in  Table  3.4. 

The  cut-off  diameters  in  the  cloud  have  been  estimated, 

assuming  a  cloud  top  of  15,000  feet,  for  several  values  of 

particle  density,  at  the  sampling  times  la  tarnation  (Table  1.5). 

S3 


Table  3.3  reveals  a  systematic  fractionation  of  fission 
product  R  values  vith  particle  size.  In  general,  there  is 
a  rough  constancy  in  radiochemical  composition  betveen  particles 
of  18  microns  or  smaller,  although  there  is  a  tendency  for 
Cs^7  enrichment  relative  to  Zr*5  and  in  the  smallest 

particles,  especially  at  the  highest  altitude.  Particles 

QC 

in  excess  of  18  microns  are  highly  enriched  in  Zr*?  and  Ce 
and  to  a  less  marked  degree,  in  Ru  all  relative  to  Cs'L  . 

Figure  3.2  portrays  the  calculated  particle  size  separations 
achieved  by  the  benzene  fractionation  procedure.  The  figure 
gives  the  percent  of  particles  of  a  given  size  in  the  original 
cloud  sample  for  each  of  the  seven  settling  times.  These  4(D) 
functions,  when  multiplied  by  the  particle  size  distribution 
characteristic  of  the  cloud  at  time  of  sampling  (F(D)),  give 
the  particle  size  distributions  of  each  of  the  settled 
fractions ,  F'(D).  Thus, 

F'(D)  ■  4(D)-F(D) 

Use  of  the  4(D)  functions  will  be  discussed  in  Section  4.3. 

3.2.3  Percentage  Distribution  of  Radionuclides  vith 
Particle  Size.  In  Table  3.6  are  summarized  the  percentages 
of  each  of  four  radioisotopes  in  the  28  laboratory* fractionated 
samples .  These  data  are  relevant  to  the  partition  between  short  and 
longer  term  fallout  of  refractory,  volatile  and  intermediate  fission  product 
isotopes. 
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3.3  PARTICLE  SIZE  DISTRIBUTION  OF  CLOUD  SAMPLES 

The  gross  particle  size  distribution  of  the  cloud  samples 
was  determined  in  two  independent  manners  by  optical  micros¬ 
copy.  Specimens  of  11K  and  lUK  debris  obtained  by  ashing  of 
the  filter  paper  were  sized  directly.  The  curves  obtained  are 
illustrated  in  Figures  3.3  and  3.1*,  drawn  through  the  circled 
points.  The  two  curves  are  essentially  superposable ,  as  is 
to  be  expected  if  the  cloud  was  initially  well  mixed,  and  the 
range  of  comparison  is  restricted  to  diameters  below  the  cut¬ 
off  values  (72  and  137  microns,  respectively).  The  size 
distribution  function,  F{ Unfits  the  data  rather  well  over  the 
range  2  to  60  microns  with  the  form: 

F(D)  -  K.D“2*95 

The  second  method  involved  sizing  a  portion  of  each  of 
the  seven  fractions  obtained  by  sedimentation  in  benzene.  Only 
the  9.5K  and  lUK  samples  were  treated  in  this  manner.  At 
each  altitude,  seven  F’(D)  distributions  were  obtained.  $(D) 
values  (Figure  3.2)  appropriate  to  each  settled  f raction  were 
applied  to  the  F'(D)  distributions  to  obtain  F(D)  over  a 
portion  of  the  particle  size  spectrum.  The  various  segments 
of  the  distribution  were  spliced  in  over-lapping  regions  to 
give  the  curves  drawn  through  the  triangular  points  in 
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Figures  3.3  and  3.1*.  The  synthetic  method  gives  a  distribution 
that  can  be  reasonably  well  fit  by: 

F(D)  »  K.D“3,25 

j 

3.3.1  Validity  of  Particle  Siting  and  Fractionation  Methi 
With  the  exception  of  the  larger  number  of  smaller  particles 
observed  below  ten  microns  by  the  synthetic  method,  the  two 
approaches  are  in  satisfactory  agreement.  There  is  a  good 
basis  for  preferring  the  form  of  the  curve  given  by  the 
synthetic  method  at  small  diameters.  The  slopes  of  the 
F'(D)/4(D)  curves  obtained  from  the  120m,  60m,and  30m  fractions 
were  significantly  steeper  than  the  slope  observed  in  the 
gross  sample  over  the  1  to  18  micron  range.  In  general,  the 
optical  microscopy  method,  and  the  method  used  in  dispersing 
the  particles  for  counting^ tend  to  discriminate  against  the 
smaller  sixes  when  many  large  particles  are  present.  The 
low  diameter  cut-off  fractions  were  free  of  this  problem. 

In  any  event,  the  mass  or  volume  calculations  are  little 
affected  by  a  higher  frequency  of  very  small  particles. 

The  area  calculations  are  mors  sensitive  to  the  form  at  lower 
disasters  however,  and  in  Section  b.3  parametric  adjustment 
of  the  fora  of  the  active  particle  siss  distribution  at  low 
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diameters  will  be  invoked  to  explain  the  particle  size- 
radiochemical  composition  of  the  volatile  isotopes. 

Little  if  any  fragmentation  or  agglomeration  of  the  large 
particles  appears  to  have  occurred  as  a  result  of  the  vigorous 
stirring  in  benzene.  Judging  from  the  similarity  in  the  form 
of  the  distribution  functions  from  10  to  60  microns,  as  given  by 
the  undifferentiated  and  the  benzene  sedimented  specimens. 

The  very  high  specific  activity  of  the  fine  particles, 
and  the  marked  difference  in  radiochemical  composition  between 
the  fine  and  larger  particles  argue  against  attributing  the 
steeper  form  of  F(D)  in  the  synthetic  samples  to  fragmenta¬ 
tion.  (Gee  Section  3.*»  below,  on  specific  activity  considerations). 

3.3.2  Size  Distribution  of  Regulars  and  Spheres.  Fewer 
than  1 l  of  the  observed  particles  could  be  identified  as 
spheres  or  fused  droplets.  Because  of  the  intrinsic  interest 
in  the  spheres,  the  size  distribution  of  the  spheres  was 
independently  determined.  The  results  are  summarized 
graphically  in  Figure  3*5  where  the  percentage  less  than 
the  stated  size  is  plotted  against  the  logarithm  of  the 
diameter.  The  distributions  are  approximately  log  normal  in 
form,  as  predicted  by  Stewart  (Keference  10)  for  the  primary 
debris  condensate,  in  contradistinction  to  the  irregular 
particles  in  the  cloud  over  the  optical  range.  Table  3.7 
gives  the  geometric  mean  diameter  (D^)  and  geometric  standard 
deviation  (a„)  of  the  distributions. 
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“Hie  similarities  between  the  11K  and  lUK  total  samples  may  be 
noted.  The  smaller  standard  deviation  of  the  14k.  sample  may 
be  attributable  to  the  lower  cut-off  diameter  (7?  versus  137 
microns).  In  fact*  the  largest  particles  observed  in  the  lUK 
and  11K  samples,  respectively,  were  80  and  113  microns. 

The  form  of  the  3ize  distribution  for  the  spheres 
con  oe  described  as: 


Because  of  the  time  intervening  between  cloud  st&Dilizstion 
(tQ)  and  sampling  (ts)  tne  original  particle  size  distribu¬ 
tion  F(D)  will  have  been  modified  by  gravitational  settling. 


Assuming  a  uniform  distrioution  at  tQ,  and  a  cloud  column  of 
neight  H,  measured  from  the  cloud  top,  the  fraction  of  particles 
of  size  D  remaining  in  the  column  K  after  tinie  t  has  elapsed  is : 


H  -  KP2  t 
♦  ■  "  :  H 


The  fraction  falling  out  is  KD2  t/H  (Table  3.8).  If  Ihe  particle  density 
is  2.3  g/ca3,  D  is  in  microns,  and  a  shape  factor  of  0.65  is 
used  to  allow  for  the  modified  fall  rate  of  randomly  shaped  particles  of 
effective  diameter  D,  the  constant  K  is  0.57  ftAr  for  a  unit  diameter 
particle.  Table  3.8  gives  the  fraction  of  particles  of  various  sises  re¬ 
maining  in  the  cloud  at  t0  +  20  minutes,  assuming  die  cloud  top  is  1SK 
and  the  bottom  is  9K. 
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While  this  is  the  hypothetical  situation  obtaining  in  the  cloud 
as  a  whole,  the  situation  at  a  given  altitude  is  somewhat  simpler. 
In  a  settling  medium  without  turbulence,  all  particles  of  the 
same  size  will  fall  with  the  same  velocity.  Thus,  at  a  given 
level  the  concentration  of  pazticles  in  all  size  groups  will 

1/2 

remain  constant  if  D  is  less  than  the  cut-off  value  D«(KH/t) 

Above  this  size  no  particles  of  the  original  distribution 
will  be  found.  The  approximate  cut-off  sizes  given  in 
Table  3.5  were  verified,  in  reasonable  approximation,  oy 
microscopic  examination  of  the  debris.  A  density  of  2.5 
gives  a  fair  fit. 

In  this  simplified  picture,  the  radiochemical  composition 
differences  between  the  lUK  and  11X  samples  are  those  due 
to  the  particle  size  fraction  ranging  from  72  to  137  microns. 

The  9.5K  and  11K  samples,  since  they  have  similar  cut-offs, 

132  and  137  microns,  should  be  quite  similar  in  composition. 

In  fact,  the  11K  sample  gives  evidence  of  somewhat  finer 
debris.  Interpretation  of  the  sample  obtained  by  penetrating 
12K  at  H+48  and  at  13.5-l^K  at  H+51*  is  less  clear  cut.  This 
sample  contains  a  higher  percentage  of  volatiles  than  at  11K 
but  a  smaller  percentage  than  at  l4X,  despite  the  fact 
that  the  cut-off  at  13. 5K  is  estimated  to  be  1*9  microns. 

The  assumptions  of  an  initial  uniform  cloud,  topping  at  15X, 
are  of  course,  unsubstantiated  by  any  direct  data  . 
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3.4  SPECIFIC  ACTIVITY  OF  CLOUD  SAMPI28  WITH  PARTICLE  SIZE. 

Specific  activities  (S^),  expressed  as  isotope  fissions 
per  gram  of  particulate  fallout,  were  obtained  in  separate 
bensene  sedimentation  experiments,  using  the  11K  and  lbK  samples. 
Disagreements  between  the  internal  radiochemical  composition 
of  Table  3.9  with  those  in  Tables  3.3  and  3.6  reflect  the 
failure  of  the  two  independent  settling  experiments  to  yield 
completely  reproducible  results. 

A  few  spheres  were  isolated  in  the  46  to  101-micron  size 
range  and  counted  on  the  low  beta  background  system.  The 
values  observed  ranged  from  1.5  x  101**  F^/gm  to  6.5  x  lO1^ 
F^/gm.  The  fission  product  activity  in  these  particles,  measured 

Ikli 

about  two  years  after  to»  was  predominately  Ce  .  The  range 
of  specific  activities  quoted  above  was  based  on  the  hard 

1  Lli  liili 

component  of  the  Ce  -Pr  beta  absorption  curve.  Further 
work  is  needed  to  confirm  the  radioactive  content  of  these 
microspheres .  The  very  high  3  to  10  times  that  found 

in  other  cloud  and  fallout  samples  and  calls  for  verification. 


3.5  SPECIFIC  ACTIVITY  OF  GROUND  FALLOUT  SAMPLE8 

3.5.1  MRDL  Measurements .  A  very  «xt« naive  set  ofradio- 

chemlcally  determined  specific  activities  is  reported  in  Reference  9.  The 

most  relevant  are  those  measured  in  the  fallout  along  the  hot-line.  Lower 

specific  activity  staples  are  generally  found  off  the -hot*? line 

and  are  likely  to  represent  higher  admixtures  of  inert  throw- 

out.  Die  data  summarized  in  Table  3.10  represent,  in  our 

Judgment,  the  specific  activity  of  the  bulk  of  the  prompt 

fallout,  expressed  in  equivalent  fissions  per  gram  of  Zr*5, 

89  90  91 

Sr  ,  Sr  ,  and  ¥  ..  Die  columns  are:  HRDL  sample  number, 
distance,  fissions  per  square  foot,  and  8j.  Parenthesised 
numbers  are  powers  of  ten. 


In  comparing  these  average  numbers  with  the  cloud  values  in 
Table  3.9,  the  values  esn  be  considered  roughly  equivalent  to 
the  S^  (Sr®^  and  Cs137  are  about  equally  volatile).  Ru10® 
has  a  volatility  character  similar  to  Sr^.  It  is  to  be  noted 
that  there  is  little  difference  between  8^  in  the  lhK  cloud 
and  the  fallout  samples ,  whereas  the  Cs137  specific  activity  in 
the  cloud  is  about  170  times  higher  than  its  equivalent,  8r®®, 
in  the  fallout  (Sr^/Cs137  in  prompt  fallout  M). 

3*5.2— Average  Specific  Activity  and  Particle  8i»a. 
Reference  9  reports  a  large  volume  of  data  on  the  relationship 
of  specific  activity  and  particle  alia.  Za  Table  3.11  we 
tabulate  the  approximate  vmtaao  of  the  mUm  yftetor 


and  the  median  activity  diameter  of  a  set  of  fallout  samples . 
Asterisked  samples  refer  to  those  dong  the  hot-line,  the 
values  were  obtained  from  table  3  Ji  of  Reference  9  by  inter¬ 
polating  to  obtain  the  approximate  diameter  representing  50? 
of  the  cumulative  mass  or  activity. 

In  general,  the  activity  distribution  was  peaked  toward  the 
larger  particles.  Station  11AQT  experienced  the  heaviest 
fallout,  and  the  distribution  was  apparently  more  uniform  in 
samples  along  the  hot-line.  The  preshot  soil  sample  had  a 
median  mass  diameter  of  about  12k  microns  (Reference  9). 

In  the  prompt  fallout  there  is  not  a  strong  correlation 
between  radiochemical  composition  and  particle  size ,  although 
there  is  a  slight  tendency  for  enrichment  of  volatile  isotopes 
relative  to  refractories  in  the  lees  than  44  micron  fraction 
(See  Table  3.15,  Referenced). 

3.5.3  Specific  Activity  of  Fused  Agglomerates.  We  have 
determined  F^^/gm  of  2k  lava  particles  taken  along  the  hot¬ 
line  between  ]^00  and  1000  feet.  These  particles  were  in  the 
500  to  1,200  micron  interval.  Their  description  ranged  from 
spheres  to  pellets  and  irregular  lava-like  masses.  The 
average  value  of  obtained  was  1.88  x  101**. 

31U!*/S137  varied  systematically  fren  700  to  1,500  yards,  increasing 
by  a  factor  of  1.65  over  this  distance. 
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The  average  of  these  fused  masses  is  about  3.3 

times  higher  than  (and  therefore,  reported  in 

Table  3.10  and  represents  a  very  efficient  incorporation  of 
refractory  fission  products  into  volatilized  or  fused  soil. 

3,5.b  Radiochemical  Composition  of  Ground  Fallout.  As  in 
the  case  of  the  cloud  samples  an  estimate  vill  be  made  of  the 
average  radiochemical  composition  of  the  prompt  fallout.  Data 
for  Zr^,  Sr®^,  Sr^  and  Y^1  were  taken  from  Table  3.10 
and  represent  the  weighted  averages  found  along  the  hot-line. 

The  average  of  11  CeA  /Zr*3  and  Mo**/Zr  samples  in  the 
prompt  fallout  showed  a  standard  deviation  of  less  than  10% 

and  was,  within  the  standard  deviation,  equal  to  values  reported 

99 

in  Reference  9  for  the  cloud  samples.  Hence  it  appears  that  Mo 
lkk 

and  Ce  as  reported  by  Tracerlab  are  systematically  high  with 

05 

respect  to  Zr  by  factors  of  1.15  and  1.22  respectively.  In 

99  95  lUU 

Table  3.1,  cloud  R  values  for  Mo  ,  Zr  ,  and  Ce  are  all 

99 ,  95 

very  close  to  1.00.  Material  balance  does  not  permit  Mo  /Zr 

values  in  excess  of  1  in  both  cloud  and  prompt  fallout  samples. 

Accordingly,  in  the  final  tabulation  to  follow,  in  the  interest 

95 

of  consistency  we  have  reduced  the  Zr  ratios  by  a  factor  of 
1.15,  in  the  prompt  fallout. 
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Moat  of  the  analyse*  for  other  isotopes  reported  in 
Tables  3.14,  3.15,  and  3.16  of  Reference  9  were  performed  on 
samples  somewhat  off  the  hot-line.  To  estimate  the  values 
in  the  hot-line  saoples  of  such  species  as  I2,31,  Te1^2,  Cs13^, 
Cs2^,  Ba2^0,  and  Ce2*42,  R.  were  plotted  against  Rfiri  , 
and  values  were  selected  for  R^  ^  when  *09,95  *  *°317‘ 
the  weighted  hot-line  value  for  8r^/Zr^.  Cs1^ ,  Ru20^ 
and  Ru2®^  were  taken  as  the  average  of  the  three  01A07  samples, 
normalised  to  Sr^/Zr95  -  .0317.  The  R  value  plots  appear 
in  Figures  3.6a  and  3.6b,  and  the  selected  values  for  the 
weighted  isotopic  content  of  the  prompt  fallout  with  respect 
to  are  given  in  Table  3.12. 

R  values  have  been  estimated  also  for  R^  ?5  ■  .1 
from  the  fractionation  plots  (Figures  3.6a  and  3.6b).  These 
R  values  will  be  used  in  Section  4.2  to  describe  the  fallout 
composition  between  6  and  20  minutes. 
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tablbi.i  mTimmr  pmorli  w  cloud 


Altitude  (Kft)  Intwultr 


9.5 

1.00 

10.0 

1.53 

10.5 

0.19 

9,99 

11.5 

3.69 

12.0 

l.lt 

12.5 

5.26 

13.0 

6.30 

13.5 

T.19 

1U.0 

8.62 

TAHLZ  3.2  R  VALUE  8UMMART  OF  CLOUD  RCLAZZVX  TO  Sr89 


9-51C 

11K 

13. 5K 

ll*K 

Art  R 

8r*> 

0.97 

0.95 

a  96 

1.00 

ft97 

Y91 

0.89 

0.75 

0.66 

0.61 

0.70 

Zr»5 

0.6L 

0.53 

0.28 

0.173 

0.292 

Mo*> 

0.65 

0.51 

0.29 

0.167 

0.29 

8^5 

1.02 

1.01 

0.93 

0.89 

0.92 

Te129« 

0.95 

0.91 

0.98 

O.76 

0.82 

T«132 

0.91 

0.91 

1.07 

0.81 

0.86 

1.02 

1.01 

1.08 

1.07 

1.05 

B^O 

0.88 

0.87 

0.82 

0.66 

0.77 

c^1*1 

0199 

0.79 

0.63 

0.1*8 

0.62 

Pr1^ 

0.58 

0.1*2 

0.30 

0.178 

0.29 

0.62 

a  52 

0.23 

0,170 

0.29 

0.59 

0.1*2 

0.2V 

ai5»* 

0.26 
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TABLE  S.  S  RAMOCHEMICAL  COMPOSITION  AND  PARTICLE  8121 


Rea 

In 

-  5m . 

15m 

30m 

60m 

120m 

9.5K 

3.4 

0.62 

0.46 

0.32 

0.26 

0.23 

a  19 

1UC 

2.5 

0.59 

0.31 

0.24 

0.20 

0.20 

a  19 

13. 5K 

0.78 

0.1*5 

0.20 

0.16 

0.13 

0.14 

0.12 

1  4k 

1.3 

0.26 

6.24 

0.11 

0.095 

0.084 

0.073 

*144,137 

9.5  K 

3.* 

0.66 

0.39 

0.27 

0.23 

0.22 

0.20 

11K 

2.5 

0.61 

0.31 

0.23 

0.21 

0.21 

0.17 

13. 5K 

0.8A 

0.45 

0.18 

0.15 

0.13 

0.12 

0.12 

14k 

1.2 

0.32 

0.21 

0.084 

0.11 

0.089 

0.081 

^06. 13T 

9.5K 

1.5 

1.4 

0.78 

0.79 

0.59 

0.64 

0.49 

UK 

1.5 

0.97 

0.90 

0.51 

0.57 

0.60 

0.54 

13. 5K 

1.0 

0.95 

0.58 

A85 

0.52 

0.66 

0.70 

i4k 

1.8 

A94 

<179 

a  65 

0.79 

0.5T 

0.59 
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TABLE  3.4  CUT-OFF  DIAMETERS  IN  MICRONS 


Res 

la 

SSL 

22* 

60m 

120m 

137* 

67 

31 

18 

12.6 

9.0 

6.4 

*The  residue  contained  all  particles  greater  than  67 
microns .  The  cut-off  is  determined  by  the  largest 
particle  that  should  hare  been  in  the  cloud  at  time 
of  sampling. 


TABLE  3.5  CUT-OFF  DIAMETERS  IN  CLOUD 


&2JL 

11K 

14k 

Time 

33m 

23m 

54m 

20m 

1.50 

171 

176 

64 

94 

2.00 

i4a 

153 

55 

81 

2.50 

132 

137 

49 

72 
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I*BU  3.6  Piacamcz  DXBTRIBOTiqi  OF  RADTOfyer-TniM  mttw  atp 


„  144 

Ce 

Rea 

la 

21 

9.5K 

121 

221 

6o» 

120a 

63.5 

4.9 

3.3 

4.3 

7.4 

u.o 

5.7 

Zr95 

61.4 

4.5 

3.9 

4.9 

8.2 

11.6 

5.5 

c137 

11.4 

4.6 

5.2 

9.7 

19.7 

31.1 

18.6 

■u106 

21.2 

8.8 

5.5 

10.3 

15.5 

26.4 

12.3 

G*lkk 

55.6 

11.3 

6.1 

me 

7.3 

7.3 

9.0 

3.6 

Zr95 

56.7 

10.8 

6.1 

7.5 

6.7 

8.7 

4.0 

137 

Ca 

11.8 

9.7 

10.2 

16.6 

17.9 

22.3 

11.3 

_  1°6 

Ru 

24.4 

12.7 

12.4 

11.2 

13.5 

17.8 

6.1 

144 

Oe 

36.9 

24.9 

6.5 

i3-?g 

7.4 

7.4 

10.9 

6.4 

.  95 

Sr 

33.9 

24.8 

7.4 

7.7 

7.7 

12.0 

6.7 

.137 

Ci 

11.3 

14.4 

9.6 

12.9 

15.1 

22.5 

14.2 

IP 

15.3 

18.4 

T.5 

14.8 

10.6 

20.0 

13.4 

0elW* 

40.3 

6.7 

6.8 

l4K 

6.6 

17.0 

17.0 

4.4 

Zr95 

42.6 

5.6 

6.8 

6.6 

17.0 

17,0 

4.4 

C.137 

5.6 

3.6 

4.8 

10.7 

30.5 

34.6 

10.3 

•a106 

13.8 

4.6 

5.1 

9.3 

32.5 

26.4 

6.2 
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TABLE  3.7  SIZE  DISTRIBUTION  OF  SPHERES 


"g 


,  ilH  „  ,  nm  t  ,  MM  k 

iM£L>  iMlJJL  UBsiiksI 

33.5  33.5  51 

1.87  1.45  l.4l 


,  1»<K  v 
L LMittl 

ll 

1.70 


lauS&ai 
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TABLE  3.8  FRACTION  OF  PARTICLES  LOST  BY  FALLOUT 


M 

20% 

291 

M 

50% 

59 

35 

78 

95 

uo 

123 

60* 

isi 

M 

90% 

iooi 

134 

ll*9 

156 

165 

176 
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TABLE  3.9  SPECIFIC  ACTIVITY  OF  CLOUD  FRACTIONS 


11000 

Foot 

1**000  Foot 

Fraction 

S95 

S106 

fill 

irt| 

CM 

(O 

S106 

hsi 

120b 

8.1(13) 

1.6(14) 

2.9(1**) 

5.1(13) 

3.2(1**) 

4.1(14) 

SOb 

7.9(13) 

1.9(14) 

3.1(1**) 

9.1(13) 

2.8(l*t) 

7.3(1**) 

30b 

5.8(13) 

1.2(14) 

2.1(1**) 

8.8(13) 

2.9(1**) 

7.0(1**) 

15b 

4.4(13) 

9.1(13) 

1.6(1**) 

7.3(13) 

2.2(1**) 

5.7(1**) 

5b 

3.4(13) 

5.5(13) 

9-5(13) 

5.1(13) 

2.3(1**) 

3*9(1**) 

la 

3.2(13) 

2.7(13) 

**.0(13) 

3.9(13) 

9. **(13) 

2.2(1**) 

Raaidut 

3.7(13) 

2.1(13) 

2.3(13) 

**.2(13) 

5.1(13) 

1.1(1**) 

Art. 

4.1(13) 

5.0(13) 

7.9(13) 

5.5(13) 

1.3(1**) 

3. **(!**) 

In  tht  abort  tab  It  tht  partnthtalsad  nuabtr*  art  pottra 
of  ttn. 


TABLE  3.10  SPECIFIC  ACTIVITY  OF  GROUND  FALLOUT 


Sup  It 

Distance  F/ft2 

Ss 

f89 

!*> 

01A07 

1200  ft  7.9(13) 

6.1(13) 

1.8(12) 

5.8(12) 

1.9(13) 

11A07-#** 

1342  ft  6.5(15) 

5.3(13) 

1.9(12) 

6.5(12) 

3.1(13) 

21A03-** 

2830  ft  2.7(15) 

6.4(13) 

2.4(12) 

8.3(12) 

3.8(13) 

31A03 

4717  ft  4.5(14) 

7.9(13) 

3.1(12) 

9.0(12) 

5.2(13) 

Artraat, 

weigh  tad  by  F/ft2 

5.7(13) 

2.1(12) 

7.0(12) 

3.M13) 

TABLE  3.11  MEDIAN  MASS  AND  MEDIAN  ACTIVITY  DIAMETERS 


Susie 

KHD(nicron*) 

MAD(nierons) 

Dleteace 

01A02 

220 

1400 

1200  ft 

01A03 

310 

1950 

1200  ft 

01A05 

350 

1450 

1200  ft 

02AQ4 

177 

1050 

1200  ft 

•11A07-2 

>1000 

>1000 

1342  ft 

12A079 

210 

1550 

1342  ft 

20  AD  *4 

67 

2830 

2400  ft 

20A07 

250 

1000 

2400  ft 

•21A0-1 

- 

1400 

2830  ft 

30A01-8 

70 

1250 

4000  ft 

•31A05 

710 

750 

4717  ft 

•32AD8 

610 

750 

4717  ft 

♦31A05-8 

710 

810 

4717  ft 
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TABLE  3. 12  RADIOCHEMICAL  COMPOSITION  OF  PROMPT  FALLOUT 


Zr95  R' 

Values 

Sr09 

0-6m 

6 -20m 

0-6m 

6-20n 

0.0317 

0.100 

x131 

0.083 

0.95 

CD 

•\o 

O 

0.107 

0.1*0 

Tel3^ 

0.061 

0.59 

Y91 

a  5 12 

0.82 

•Ca136 

0.49 

- 

Mo" 

1.00 

1.00 

C.13? 

0.034 

0.35 

„  95 

Zr 

1.00 

1.00 

Bal4° 

0.28 

0.67 

_  103 

Ru 

0.74 

0.95 

Ce141 

0.46+.15 

0.83 

__  Ii06 

•Ru 

0.08 

0.40 

Cel44 

1.06 

1.00 

In  the  above  table,  asterisked  values  have  been  divided  by  1.6 
to  normalise  for  their  increased  yield  in  bomb  spectrum  fission. 
Ihe  values  in  the  table  for  Sr^/Zr95  -  .0317  are  estimated  to 
be  good  to  10*  for  Sr09,  Sr90,  I91,  Mo99,  Zr95,  Ba1^  and  Ce144 
and  to  ♦  25*  of  the  quoted  value  for  the  remaining  isotopes , 
unless  noted.  The  values  for  Sr"/Zr"  ■  0.1  are  considerably 
less  veil  established  and  are  based  exclusively  on  the  lines 
dram  through  the  data  points  of  Figures  3 At  and  3Ab. 
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Figure  3. 1  Fractionation  plots  cloud  samples. 
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Figure  3.  It  Fractionation  plots,  fallout  samples. 
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CHAPTER  1* 


INTERPRETATION  OP  DATA 

l*.l  FALLOUT  FORMATION  TIME  AND  RADIOCHEMICAL  COMPOSITION 

A  provisional  attempt  has  been  made  to  Interpret  the 

fallout  sample  fractionation  plots  of  the  alkaline  earths  and 
lUl 

Ce  .  The  Bolles-B&llou  fission  chain  populations  as  a 
function  of  time  since  fission  (Reference  12)  (of  adjusted 
values  thereof  based  on  revised  half  lives)  were  multiplied  by 
a  set  of  relative  attachment  coefficients  for  the  several 
precursor  fission  elements.  Ri  were  then  calculated  versus 
time  and  calculated  R^  ^  values  were  plotted  against  the 
associated  Rg^  ^5  numbers.  The  attachment  coefficients  (k^) 
vere  chosen  to  give  a  consistent  and  physically  reasonable  fit 
to  the  experimental  data.  In  this  very  simple  model  the 
“•"“4  *<>»•«»  indepmdent.  k&,  kft,  k^  kj 
were  taken  to  be  0,  although  there  is  evidence  from  Cs1^?  r 
value  data  that  kg  >0.  kgy,  k^ ,  k^_  end  k^  were  all  taken 
to  be  1.00.  The  observed  fit  was  obtained  by  using  kj;,..  >042 
and  kg#  >0.15.  In  principle,  R^^  ^should  be  used  for  kCa* 
since  C.136  is  independently  formed  in  fission.  However, 
the  Cs13^  data  do  not  meet  the  mass  balance  criterion  for  cloud 
and  fallout  samples  and  are  suspected  of  being  too  high. 
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The  experimental  R^  ^  values  deducible  from  the  data 
reported  in  Tables  3.15  and  3.16  of  Reference  9  were  plotted  against 
the  appropriate  values  of  kB9,95*  a  comparison  of  the  calculated 
and  the  experimental  data  is  shewn  in  Figure  4.1.  The  system¬ 
atization  achieved  is  satisfactory  considering  the  gross 
simplicity  of  pur  assumptions.  'Jhe  results  suggest  that  the 
time  required  to  form  a  segment  of  the  fallout  cloud  may  be 
equally  relevant  to  the  interpretation  of  fallout  plots  as  is 
the  concept  of  surface  versus  volume  incorporation. 

One  anomaly  deserves  mention.  The  excellent  fit  given 

toy  Y91  in  Figure  4.1  holds  only  for  samples  off  the  fallout 

hot-line.  Samples  11,  21,  and  31  along  the  hot-line  had 

Y91/Zr95  ratios  approximately  1.5  times  higher  than  expected 

for  the  associated  Sr89/Zr95  and  Sr^/Zr95  values.  The 

fallout  required  1.5  m,  3.3  m,  and  6  m,  respectively  to  reach 

the  ground  at  1342 ,  2830,  and  4717  feet  from  ground  zero  (Reference  9) 

As  the  particles  proceed  downwind,  the  proportion  of  Kn  and 

Sr  in  the  vapor  phase  increases,  and  surface  attachment  should 

thereby  toe  favored  for  particles  still  in  contact  with  the 

vapor.  However,  to  explain  the  Sr^9  and  Sr9^  ratios  to  Zr95 

in  these  samples  it  must  be  assumed  that  k  Increases  with 

Sr 

respect  to  as  the  cloud  passes  dewnwind.  A  subsequent 
addendum  to  this  report  will  attempt  to  treat  these  end  the 
remaining  isotope  data  In  a  more  quantitative  faahlon. 


<0 


h.2  PARTITION  OF  I30T0PE  ACTIVITY  BETWEEN  CLOUD  AND  FALLOUT 
Applying  the  constraint  that  ^  ■  1.00  for  all  fission 
product  isotopes  as  formed,  it  follows  that: 

Fpj( fallout)  (cloud)  -  1 

F95( cloud)  i  -  (fallout) 

Two  extreme  isotopes,  Sr®^  and  Zr^5;  form  the  basis  of  the 
partition  calculation.  Rg^  9^( cloud)  has  been  established 
as  3.^3  (see  Table  3.2).  The  value  of  Rg^  ^(fallout)  remains 
to  be  determined. 

The  average  radiochemical  composition  of  the  prompt 
fallout  given  in  Table  3.12  pertains  to  the  material  that  had 

Qq  qc 

fallen  on  the  ground  within  six  minutes.  The  SrVZr  of 
this  component  is  0.0317.  An  analysis  of  the  fallout  contours 
reported  in  Reference  11  suggests  that  approximately  25  percent 

of  the  fallout  occurring  between  0  to  20  minutes  took  place 
between  6  to  20  minutes.  Thus,  the  appropriate  value  of 
Rg^y^( fallout)  to  use  in  the  above  equation  is: 

Rg^^9^( Fallout)  "0.75  x 0.032  +0.25 (1*89,95  '  6  to  20  min) 

Unfortunately  ve  have  no  direct  measurements  to  suggest  the 
value  of  RQ9  ^ .  in  the  6  to  20  minute  fallout.  However,  the  bulk 
of  the  fallout  in  this  interval  was  in  the  150  to  400  micron 
sise  range.  The  data  reported  in  Reference  9  give  no  evidence  that 
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material  in  this  size  range  along  the  hot-line  is  significantly 
different  in  composition  from  the  larger  particles  representing 
the  bulk  of  the  deposited  diass.  An  upper  limit  of  ^  *0.3 
can  be  established  with  reference  to  the  composition  of  the 
residue  fraction  found  at  9.5*C  33  minutes  after  tQ  (Table  3.3). 
On  this  basis,  F<^  ( fallout  )/Ft^(  cloud)  ■  2.72,  as  opposed  to  2.50, 
obtained  when  R^  ^  *0.0317  is  used.  Thus,  the  result  is 
insensitive  to  Rq9 ^95  (fallout)  and  for  either  situation  the 
fraction  of  Zr9"5  in  the  fallout  is  72+1^ .  However,  the  Sr®9 
in  the  fallout  for  these tvo  cases  is  changed  from  7.  US  to  2. 31. 

These  differences  will  affect  only  to  a  small  degree  the 
calculated  partition  of  all  other  isotopes  if  the  set  of 
cloud  analyses  is  used  for  the  calculation.  The  average  Sg^ 
values  are  given  in  Table  3.2  for  tbs  cloud  samples.  The 
percentage  of  any  isotope  remaining  in  the  cloud  is  merely: 

(Cloud)  ■  ,89  *  1  Sr®9  (Cloud) 

If  the  set  of  fallout  analyses  is  used  to  calculate  the 
partition,  the  result  is  very  sensitive  to  the  choice  of 
Sr89/^  in  the  6  to  20-minute  fraction  of  the  fallout.  'Ibis 
arises  because  of  the  steep  slopes  of  the  fractionation 
plots  (Figures  3.6a  and  3.6b).  Atrial  calculation  Indicates 
that  Sr®9/Zr^  of  about  0.1  for  the  6  to  20-minute  component  of 
the  fallout  (and  the  associated  valuta  taken  from  the 

fractionation  plots  at  ^  •  0.1)  gives  a  reasonable  agreement 
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between  the  isotopes  analyzed  for  in  common  in  both  cloud  and 
ground  fallout  samples.  In  Table  4.1  the  results  of  the  partition 


calculations  are  given  for  ^89 ,95  ( fallout )  ■  0.0317  and  0.0488. 


The  latter  value  was 

composited  from  75Jt  of  0.032  and  of  0.10. 

TABU  4.1 

PARTITION  OF  ISOTOPE  ACTIVITY 

Fallout  Analysis 

BETWEEN  CLOUD  AND  FALLOUT 

Cloud  Analysis 

Isotope 

R89,95"*°31T  r89,95*>o1*88 

r89,95“,°31^ 

r89,95“*0488 

89 

fgo 

Mo95 

?fl0  3 
^106 

0.023 

0.035 

0.977 

0.965 

0.08 

0.13 

0.94 

0.93 

0.37 

0.42 

0.69 

0.67 

0.72 

a  72 

0.29 

a  28 

a  72 

a  716 

a  285 

01284 

<151 

a  56 

- 

- 

^125 

®n129m 

Te131 

0.05 

ai2 

- 

- 

— 

- 

<191 

0.90 

- 

- 

a  86 

a  79 

I 

21  32 
^*137 
^S14Q 
®a141 

2*143 

«rl44 

Cej4? 

Md 

a  07 

0.21 

- 

- 

a  05 

ai4 

a  88 

0.82 

a  05 

a  08 

<198 

1.00 

a  20 

a  27 

aso 

a  72 

0.42 

a  34 

a  61 

a  60 

_ 

_ 

a  29 

a  28 

a  76 

a75 

a  29 

0128 

- 

- 

a  26 

025 

The  analysis  Yields  reasonably  consistent  results.  The  data 
derived  for  ^89 ,95*  0.0488  probably  describe  the  partition  to 
a  good  approximation. 

4.2.1  Partition  of  Debris  Mass  Between  Cloud  and  Surface. 

OS 

The  average  specific  activity  based  on  Zr  of  the  20  to  30 -minute 
minute  cloud  sample  is  5  x  1013  fissions  per  gram.  This  cloud 
contains  29#  of  the  produced,  or  0.142  kt.  There  are 
1.4  x  1023  fissionsAt.  It  follows  that  the  total  mass 
debris  in  the  cloud  is  400  tons. 
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The  aass  of  prompt  fallout  is  at  least  1*00  x  (0.715/0.185)  ■ 
1,000  tons .  This  follows  because  S95  in  the  cloud  and  in  the 
intense  prompt  fallout  is  nearly  identical.  A  higher  total 
number  than  1,000  tons  for  all  fallout  is  indicated  because 
throvout  sway  from  the  hot-line  has  a  lower  average  specific 
activity  than  the  hot-line  weighted  average  calculated  in 
Table  3.10.  The  correct  value  for  the  total  mass  of  prompt 
fallout  is  (1000/S)  5  x  lO1^,  where  S  is  the  truly  weighted 
average  over  the  entire  fallout  grid. 

4.3  SPECIFIC  ACTIVITY  AND  MASS  DISTRIBUTION  MODEL 

The  data  in  Tables  3.6  and  3.9  provide  the  basis  for 
testing  a  specific  activity  model  in  which  activity  is 
related  to  some  power  of  the  diameter.  Thus,  if  F(D)  is  the 
particle  size  distribution  at  a  given  altitude,  then  Dn.F(D) 
will  represent  the  activity  distributions  as  a  function  of 
particle  size  if  n  is  properly  chosen  for  each  isotopic 
species.  The  aass  distribution  should  be  described  by  n  ■  3.0. 

If  further,  n  can  be  related  to  the  slopes  of  the  fractiona¬ 
tion  plots  as  tabulated  in  Figure  3.2 ,  a  quite  general  description 
of  the  system  can  be  achieved. 

4.3.1  Size  and  Activity  Distribution  Calculations  in 
Benzene  Fractions.  In  the  bensene  experiment, 0.8  of  the  32.5  oa 
coliam  was  withdrawn  for  examination  after  each  of  six  settling 
times .  The  resides  from  the  lr minute  settling  fraction  was 


filtered  directly.  A  Stokes  law  sedimentation  rate  was  ' 

assumed,  using  particle  and  benzene  densities  of  2.50  and 

3 

0.88gm/cm  ,  respectively.  The  viscocity  of  benzene  was 
6.5  x  10~3  poise.  The  rate  of  fall  of  irregularly  shaped 
particles  vas  taken  to  be  0.65 that  of  equivalent  spheres. 

For  these  conditions ,  the  fall  rate  for  a  1-micron  diameter 
particle  is  8.7  x  10~5  cm/sec. 

If  f^  is  the  fraction  of  the  original  number  of  particles 
of  size  D  available  at  the  beginning  of  each  sequential 
sedimentation,  a  function  ^(D)  is  defined  for  each  of  the  six 
sedimentations,  of  the  fora: 

MD)  -  e  ( .8  x  32.5  -  8.7  x  UTVt) 

1  1  32.5  (4.1) 

where  D  is  the  statistical  diameter  of  the  irregular  particle, 
in  microns,  and  t  is  the  settling  time  in  seconds.  The  4j(D) 
functions  obtained  by  this  analysis  are  plotted  in  Figure  3.2. 

Experimentally,  the  particle  size  distribution  F(D)  was 
established  to  be  of  the  form  K/tP'  from  1  to  60  microns.  The 
distribution  functions  in  D®  are,  therefore, 

*»“)  -  UP.F(D)  -  (4.8) 
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in'  has  a  preferred  value  of  3.25 .  Since  in  Table  3.6  the 
Cs13^  and  Ru10^  always  exhibit  their  maximum  percentages  in 
the  60-minute  fraction  rather  than  the  120-minute  fraction, 
we  explored  the  possibility  that  the  active  particle  size 
distribution  might  have  a  maximum  in  the  vicinity  of  1  micron 
and  fall  off  at  lower  values.  Accordingly,  a  number  median 
diameter  Dg  of  0.5,  1,  2,  and  3  microns  was  employed,  with 
symmetrical  size  distribution  functions  of  the  form: 


KjD3*25  (0  to  Dg)  and  KgD"3*25  (Dg  to  cut-off) 

The  ratio  K^/IC,  required  to  normalize  the  number  distribution 
was  calculated  for  each  value  of  Dg  by  setting 


k1/k2  £DgD3*2dD  »  /*V3,2dD 


The  distribution  functions  for  various  values  of  n  are: 

Kl/K2  /%i(D)-D3’25+ndD  +  fD^i(D)tDn~3,2^dD 
F(D“)  -  ° _ _ 

KWK2  /DgD3,25dD  ♦  /DDn”3*25dD  (4 

o  n  ^ 

6 


In  Equation  4.5  the  integration  limit  Dg  is  the  assumed 
maximum  in  the  size  distribution,  D  is  the  cut-off  value  in 
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the  cloud  at  the  time  and  altitude  of  sampling.  The  adoption 
of  Dg  between  0.5  and  3  microns  places  1  to  12  percent  of  die  activity 
below  Dg.  The  calculations  were  also  performed  with  a  lower 
integration  limit  of  zero  (no  maximum). 

The  results  of  these  calculations  are  tabulated  in 
Appendix  C.  Mention  will  be  made  here  of  the  differences 
betveen  two  independent  settling  experiments  conducted  with 
the  11K  and  lUK  debris.  The  data  in  Table  3.6  were  obtained 
using  analytical  grade  benzene.  Those  in  Table  3.9  were 
obtained  in  a  later  experiment  vith  a  lower  grade  benzene. 
Separations  were  less  clean,  as  was  evidenced  by  adherence 
of  particles  to  the  vessel  wall.  Unfortunately,  weight 
percents  corresponding  to  the  activity  percents  reported  in 
Table  3.6  were  not  recorded.  In  the  succeeding  discussion 
data  for  the  second  experiment  will  be  also  used,  since  the 
mass  percentages  in  each  fraction  are  available.  However, 
we  believe  that  Table  3.6  represents  a  better  description  of 
nuclide  activity  in  the  first  five,  and  in  the  sixth  and  seventh 
particle  size  fractions  and  the  comparisons  with  the  calculations 
in  Appendix  C  will  be  used  as  a  basis  for  choosing  the  best 
values  of  n  to  describe  the  distribution  of  activity  vith 
size  of  Zr^,  Ce1**1*,  Ru10^  and  Cs1^.  (n»e  separations  achieved 
betveen  the  one-minute  settling  and  the  residua  fraction  were 
highly  variable  and  technique  dependent). 
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Calculated  and  observed  mass  and  isotopic  distributions 

t>r  the  11K  and  14k  debris,  as  found  in  the  second  experiment, 

ere  given  in  Table  4.2.  The  data  are  best  fit  using  a  Dcut-off  ■ 

100  microns  for  11K  and  7 6  microns  at  14k.  There  is  little 

difference  resulting  from  the  choice  of  a  lover  limit  of  integral 

tion  of  zero,  vith  no  maximum,  or  Dg  >0.5  micron. 

The  data  of  Table  3.6  give  a  different  picture  for  the  Cs1^ 

and  Ru10^  distributions,  vith  values  of  n  being''-. 2  unit  lover. 

In  Table  4.3,  the  choice  of  n  was  largely  dictated  by 

the  fit  observed  in  the  combined  and  1- minute  fractions.  D  vas 

S 

taken  as 0.5  micron.  The  cut-offs  assumed  at  9.5K,  11K,  13. jg 
and  lbKvere,  respectively,  137,  120,  76;  and  76nd.crons, 
respectively.  Obese  values  differ  somewhat  from  those  given 
in  Table  3.5.  The  proper  choice  of  the  cut-off  value  in  the 
13.5  8 ample  is  particularly  ambiguous,  since  sampling  vas 
conducted  at  12K  and  at  13.5  through  14K.  (In  Table  4.2  a  value  of 
100  microns  for  the  UK  samples  vas  shewn  to  give  the  best 
fit.)  In  Table  4.3  the  comparison  betveen  calculated  and 
observed  values  for  Zr95  are  applicable  as  veil  to  CelW*. 

The  following  conclusions  can  be  drawn: 

(l)  The  agreement  is  not  good  for  fitting  the  percentages 
of  Cs*37  and  Ru10^  in  the  120-minute,  6o-minute/  and  30-minute 
fractions  for  any  choice  of  Dgf  or  n.  Too  much 
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activity  is  always  placed  In  the  120-minute  fraction.  The 
best  fits  for  the  distributions  of  Cs^7  and  Ru*®*’  in  the 
courser  fractions  (5  minute,  1  minute,  and  residue,  with 
cut-offs  greater  than  18  microns)  is  given  for  n  ■  1.9  -  2.2 
for  Cs1^  and  2.2  -  2.4  for  Ru10^.  These  choices  of  n  give 

13T  106 

the  observed  partition  of  Cs  and  Ru  between  particles 
less  than  18  and  greater  than  18  microns,  to  good  approxima¬ 
tion.  A  reasonable  explanation  for  the  distribution  of  these 

137 

isotopes  in  the  smaller  size  fractions  may  be  that  Cs 
(and  to  a  lesser  degree  Ru*0** )  distribute  themselves  with 
variable  n  over  the  particle  size  range  and  that  the  maximum 
in  the  active  particle  frequency  function  is  indeed  shifted 
to  values  in  excess  of  5  microns.  Further  analysis  will  be 
required  to  clarity  this  point.  Many  of  the  inconsistencies 
noted  in  comparing  Tables  4.2  and  4.3  are  unquestionably  due 
to  limitations  in  reproducing  clean-cut  separations  experimentally. 
Another  ambiguity  arises  from  the  proper  choice  of  cut-off 
diameters  at  the  sampling  altitudes  in  question.  However,  for 
purposes  of  deducing  values  of  n  appropriate  to  partitioning  the 
cloud  debris  between  nuclide  activity  in  fractions  less  than  sad 
greater  than  18  microns,  and  for  deriving  a  relationship 
between  the  slopes  of  the  cloud  fractionation  plots  and  n, 
it  suffices  to  use  n  values  which  fit  the  courser  fractions. 

Thus,  n  ■  2.00  will  fit  Cs137  and  n  ■  2.25  Ru106. 

69 


SICMT 


(2)  A  fair  fit  can  be  achieved  for  the  mass  distribution 
with  n*3.  This  confirms  the  choice  of  F(D)  »  K/D^*2^  as 

a  good  description  of  the  particle  size  distribution  at  all 
altitudes  out  to  the  cut-off  values. 

(3)  The  distribution  of  Zr^  and  Ce1^  is  rather  well 
accommodated  by  n  ■  2.8+.1  in  all  courser  fractions.  ( Th.e 
1-minute  fractions  at  9.5K  and  14k  In  Table  4.3  are  notable 
exceptions).  The  agreement  is  fair  even  in  the  smaller  size 
fractions,  although  again  the  120-minute  fraction  as  calculated 
is  usually  too  high. 

4.3.2  The  n  Parameter  and  the  Slope  of  Fractionation  Plots. 
The  n  parameter  varies  between  2.0  and  2.8  for  the  isotopes 
exhibiting  extreme  fractionation  behavior,  Cs1^  and  Zr^. 

The  slopes  of  the  fractionation  plots  of  Figure  3.1  vary  from 
-0.04  to  1.0,  or  0.8n  units  per  1.04  slope  units.  In  Table  4.4 
are  listed  the  slopes  and  corresponding  interpolated  n  values . 

4.4  PARTITION  BETWEEN  INTERMEDIATE  AND  DISTANT  FALLOUT 

Sufficient  facts  are  at  hand  to  establish  the  ultimate 
fate  of  the  radioactive  and  inert  components  of  the  20-minute 
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cloud,  given  the  meteorological  conditions.  These  facts  are: 

(1)  The  total  mass  of  airborne  debris,  its  particle 
size  distribution^ and  its  variation  with  altitude. 

(2)  The  cloud  inventory  of  17  fission  product  radio¬ 
isotopes  and  the  variation  in  radiochemical  composition  sad 
concentration  with  altitude. 

(3)  The  relationship  between  particle  size  and  radio¬ 
chemical  composition  as  given  by  the  n  values  in  Table  4.4. 

This  problem  will  not  be  treated  comprehensively .  Only 

the  salient  points  will  be  indicated. 

4.4.1  Cloud  Fallout  of  Debris  and  Radioactive  Isotopes 

in  Greater  than  18  Micron  Fraction.  Material  residing  in 

particles  larger  than  18  microns  diameter  vill  have  fallen 

to  sea  level  in  from  52  to  76  hours.  This  component  of  the 

cloud,  which  may  be  termed  intermediate,  will  now  be  estimated. 

99 

The  specific  activity  of  the  refractory  isotopes  Mo  , 

Zr^ ,  Ce1**^  and  other  rare  earths  are  reasonably  constant 

13 

in  the  cloud  debris  as  a  function  of  altitude.  ■  4.1  x  10 
F/gm  at  UK  and  5-5  x  lO1^  F/gm  at  lUK.  Thus,  both  the  debris 
and  isotopes  can  be  treated  together  in  good  approximation . 
Accordingly  ve  will  assume  a  particle  size  distribution  for 
the  whole  cloud  of  the  font  K/D^'2^  with  a  cut-off  at  100  microns 


This  cut-off  value  is  intermediate  between  the  values  obtaining 
for  the  top  and  bottom  of  the  cloud.  In  any  event,  the  results 
are  relatively  insensitive  to  the  cut-off  diameter  adopted, 
as  the  calculations  in  Appendix  C  illustrate. 

Thus,  the  fraction  of  isotope  or  mass  falling  out  associated 
with  particles  greater  than  18  microns  is: 


n 


/ 1°°  Dn“3*25dD 
18 


rlOO 


^n-3.25^ 


(4.6) 


where  n  is  the  value  listed  in  Table  h.k. 

In  Table  U .  5 ,  Column  1  is  the  percent  of  cloud  isotopic 
activities  associated  with  particle  sizes  greater  than  18 
microns  obtained  from  Equation  4.6.  Column  2  is  the  percent 
of  the  total  isotope  made  by  the  device  residing  in  cloud 
particles  greater  than  18  microns.  Column  3  is  the  percent 
of  the  total  isotope  made  by  the  device  residing  in  cloud 
particles  less  than  18  microns.  It  represents  the  material 
available  for  long  range  fallout ,  capable  of  being  transported 
to  great  distances. 
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The  calculated  mesa  la  cloud  particles  greater  than  Id  mlerana 
is  73. 5i.  Hence  the  absolute  mass  in  this  else  range  is 
1*00  x  0.730  ■  294  tons.  The  choice  of  a  lower  cut-off 
dimeter  would  tend  to  raise  Bomevhat  the  figures  in  the 
final  column. 

For  comparison  we  give  the  observed  percentages  of  total 
activities  in  the  5m,  la,  and  residue  fractions,  corresponding 
roughly  to  >18  micron  particles,  takes  from  Table  3.9 . 


9.5K 

11K 

12-lUjC 

1UK 

to137 

21.2 

31.7 

35.3 

ll*.0 

Ru106 

35.5 

49.5 

1*1.2 

23.5 

Sr” 

69.8 

73.6 

66.1 

55.0 

C*iW 

71.7 

73.0 

68.3 

52.8 

If  these  values  are  weighted  by  the  intensity  profile 
given  in  Table  3.1  to  represent  the  eversge  composition  in 
the  cloud,  the  results  are  in  fair  agreement  with  Column  1, 
Table  4.5* 


C.137 

21*. 1 

Hu106 

33.8 

Zr95 

62.6 

CelW» 

62.2 
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k.5  PARTICLE  SIZE  AND  MASS  FREQUENCY  CURVES  FOR  THE  EVENT 

The  salient  features  of  the  particle  size  and  mass 

frequency  curves  for  the  event  can  be  deduced  from  a  synthesis 

of  NRDL  and  our  data.  A  crude  normalization  might  be  provided 

by  using  the  fact  that  there  are  approximately  U00  tons  of 

debris  in  the  20- minute  cloud  and  of  the  order  of  3,000  tons 

of  high  specific  activity  prompt  fallout. 

The  particle  size  distribution  found  in  the  20-minute 

+3  25 

cloud  appears  to  be  given  oy  K/D  *  to  good  approximation 

between  1  micron  and  the  cloud  cut-offs  (100  to  160  microns). 

-0  25 

This  implies  a  mass  distribution  as  D  in  the  cloud. 

Tho  NRDL  data  (soo  summary  in  Table  3 .11)  sxhibit  a  median 
mass  diameter  of  700  to  1,000  microns  in  the  more  intense 
fallout  (it  is  lower  elsewhere)  and  a  median  activity  diameter 
(MAM)  MHWMWhafc  MVHHi-uf  mi  Mis  MMM.  tllKfk,  Ih  NKfomiHtt  NiMH 
observed  that  the  fraction  of  radioactive  particles  increases 

with  size  in  the  fallout ,  being  about  25  to  50  percent  in  the  larger 

size  fractions  (>200y).  This  finding  is  in  accord  with  our 

observation  that  the  mean  specific  activity  of  the  prompt 

13 

fallout  S  =  5.7  x  10  ,  whereas  the  specific  activity  of 

y; 

the  lava  particles,  which  represent  the  main  active  component, 
is  1.88  x  10l1*  or  approximately  three  times,  higher.  Further, 
the  specific  activity  of  lava  particles  is  reasonably  constant. 
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The  question  of  selecting  a  particle-site  distribution 

for  the  event  has  not  been  studied  in  detail,  but  it  is 

evident  that  the  active  mass  distribution,  over  the  entire 

particle  size  range  in  the  fallout  samplesjis  relatively 

flat,  i.e.,  dM/dD  ^ constant  to  within  a  factor  of  5,  and 

the  particle  size  distribution  is  therefore  crudely  of  the 

form  k/D  .  While  these  conclusions  are  of  qualitative  vorth 

at  best  and  although  Johnie  Boy  is  probably  an  atypical  case, 

they  suggest  the  inadequacy  of  a  monomodal,  log-normal 

particle  size  distribution  peaking  at  120  microns,  such  as 

is  used  in  some  current  fallout  models.  The  rather  good 

agreement  between  the  predicted  and  observed  fallout  patterns, 

as  reported  in  Reference  9,  is  somewhat  fortuitous,  since  die 

particle-size  distribution  used  in  the  model  bears  little 

relationship  to  that  which  actually  characterised  the  event. 

k.6  SPECIFIC  ACTIVITY  AND  ENERGY  COUPLING 

In  a  situation  vherein  the  energy  of  the  device  is 

effectively  coupled  with  the  soil  environment,  the  specific 

activities  of  refractory  isotopes  should  be  fairly  uniform 

in  both  cloud  and  fallout  debris.  This  is  the  case  in  Johnie 

13 

Boy.  However,  the  average  of  about  5  x  10  F/gm  found 
both  in  cloud  and  intense  fallout  samples  is  only  about  15* 
of  tne  value  expected  if  fission  zirconium  were  uniformly 
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incorporated  in  volatilized  and  recondensed  soil.  The  lava¬ 
like  particles  found  on  the  hot-line,  and  exhibiting  S 
13 

values  of  2  x  10  F/gm  on  the  average,  with  one  as  high  as 
lU 

2.8  x  10  ,  meet  the  criterion  of  efficient  incorporation.  This 

suggests  that  the  agreement  between  cloud  and  fallout 
may  be  an  irrelevant  fortuity.  Both  phases  were  diluted 
about  seven-fold  with  inert  material.  (Dilution  factors 
off  the  hot-line  were,  of  course,  much  greater).  In  fact, 
values  in  the  cloud  samples  are  a  factor  of  two  higher  in 
the  small  tnan  the  large  particles  (see  Table  3.9).  The 
drop-off  of  S.,r  in  the  smallest  particle  size  fraction  in  the 
cloud  is  attributed  to  the  high  preshot  atmospheric  dust 
content  blank. 

As  energy  coupling  with  the  environment  decreases,  the 
fraction  of  fused  and  volatilized  soil  mass  decreases. 

However,  considerable  masses  of  inert  materials  may  still  be 
moved.  (Compare  Jangle  8  with  Jangle  U).  While  the  average 
specific  activity  for  the  event  must  be  higher  than  for  the 
more  efficiently  coupled  case,  and  the  average  specific  activity 
for  the  persistent  cloud  debris  must  certainly  be  higher, 
the  prompt  and  long-term  fallout  may  exhibit  a  wide 
spectrum  of  values,  above  and  below  3  x  10  F^/gm.  This 
interesting  point,  relating  to  the  scaling  of  surface  burst 
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phenomenology ,  calls  for  a  reexamination  of  past  data.  A 
first  step  is  to  examine  the  relationships  between  moved 
mass  and  volatilized  mass  as  they  relate  to  yield  and  to 
condition  of  burst. 

The  specific  activity  of  volatile  isotope  chains  (Sr®9, 

Cs137,  BalU° ,  Sr90,  Y91,  Ce1**1,  I131,  Te132)  in  the  fallout 

and  cloud  samples  is  obviously  related  to  yield  as  well  as 

to  energy  coupling  in  any  incompletely  contained  situation. 

In  the  Johnie  Boy  case  coupling  was  very  effective  in  physically 

separating  the  volatile  and  refractory  chains  between  fallout 

and  cloud.  The  buoyant  bubble  cooled  rapidly  (some  energy 

had  been  dissipated  in  soil  volatilization),  prior  to  the 

growth  of  chain  members  of  more  refractory  character.  Hence 

a.  physical  separation  of  the  main  mass  of  the  debris  was 

achieved  from  the  vapor  constituents  still  rich  in  the  halogens , 

rare  gases,  and  alkali  metals .  At  higher  yields  and  longer 

condensation  times,  greater  fractions  of  the  aforementioned 

chains  will  be  incorporated  into  the  larger  particles,  along 
95  ILL 

with  Zr  and  Ce  because  more  of  the  chains  will  exist 


as  the  alkali  and  alkaline  earth  metals,  at  the  time  the  debris 
is  forming  (before  it  leaves  the  cloud).  This  will  lead  to 
a  leas  pronounced  partition  of  volatile  chain  isotopes  between 
persistent  cloud  and  fallout. 


U#i|V 


U.7  FRACTIONATION  AND  PARTITION  BETWEEN  PROMPT  AND  LONG  RANGE 


FALLOUT 

The  relationship  between  fallout  partition  and  fractiona- 

gc 

tion  will  now  be  examined.  The  partition  equation,  using  Zr*y 
as  the  refractory  and  Sr®^  a a  the  volatile  prototypes  is: 

Fg^ ( fallout )  R89,95^cloud^  ~  1 

Fg^( cloud)  1  -  R^g^gg( fallout) 

This  expression  is  obviously  indeterminate  when  Rg^  cloud)  ** 

Rg9  g^( fallout),  and  it  becomes  less  useful  as  they  approach 

each  other.  A  further  constraint  is  that  the  R0rt  __  values 

09 ,95 

be  properly  weighted  averages . 

In  Johnie  Boy  the  situation  was  ideal  for  application 

of  Equation  4.7.  A  more  interesting  use  of  this  tool  i3 

to  reexamine  cloud  and  fallout  radiochemical  data  from  high- 

yield  surface  bursts  with  a  view  to  finding  a  relationship 

between  partitioning  of  the  isotopes  and  total  yield.  For 

those  cases  in  which  the  data  are  incomplete,  but  cloud 

and  fallout  samples  are  still  on  hand,  the  techniques  used 

in  this  report  can  be  used  to  establish  the  relationship 

137 

between  particle  size  and  the  isotopic  content  of  Cs  , 

90  1^7 

Sr  j  and  Pm  in  the  cloud  samples.  These  three  isotopes 
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are  typical  of  volatile,  intermediate, and  refractory  chains. 

All  have  half  lives  suitably  long  for  this  purpose,  even  tvelve 
years  after  the  fact. 

An  important  source  of  relevant  information  should  not 
be  overlooked.  Stratospheric  and  tropospheric  sampling  and 
analysis  programs,  such  as  HASP,  especially  vhen  conducted 
during  nuclear  testing,  can  yield  information  on  the  isotopic 
composition  of  the  persistent  atmoaoneric  reservoir.  If  the 
R  values  of  Cs1^,  Sr^°,  and  Ce1^  attributable  to  specific 
events,  or  groups  of  events,  arc:  close  to  their  thermonuclear 
production  ratios,  which  ore  well  established,  and  the  fallout 
samples  exhibit  a  significant  alteration  from  normal  values, 
a  rather  precise  statement  of  the  partition  is  had. 

Implicit  in  any  physical  reasoning  attached  to  the  use 
of  Equation  4.7  is  that  radiochemical  composition  is  related 
to  particle  size.  If  Cs1^  and  Zr»5  were  uniformly  distributed 
in  large  and  small  particles  alike,  there  would  be  no  fractiona¬ 
tion  and  the  equation  cannot  be  used.  A  critical  examination 
of  thermonuclear  fallout  data  from  this  point  of  view  is 
indicated.  As  suggested  in  Section  1.6,  higher  yields  give 
longer  condensation  times  sad  therefore  mote  uniform  radio¬ 
chemical  composition. 


7t 


4.8  SIGNIFICANCE  OF  LOGARITHMIC  FRACTIONATION  CORRELATIONS 

In  Section  U.U  use  was  made  of  the  slopes  of  the  fraction¬ 
ation  plots  of  the  cloud  samples  to  establish  a  relationship 
between  particle  size  and  isotopic  composition.  This  procedure 
was  Justified  on  the  demonstrated  relationship  between  particle 
size  and  isotopic  composition  in  the  28  laboratory  fractionated 

nmb  1  fjfi . 

In  Section  U.l  the  isotopic  composition  of  the  prompt 
fallout  samples  was  shown  to  be  related  in  a  semi -quantitative 
fashion  to  a  time  of  particle  formation  .  The  calculation 
introduced  no  geometric  concepts  of  area  or  volume,  and,  in 
fact,  was  found  to  apply  to  a  group  of  fallout  samples  in  which 
no  pronounced  relationship  between  particle  size  and  radio¬ 
chemical  constitution  exists  (see  Reference  9). 

Further,  the  cloud  and  fallout  sample  data  do  not  form 
a  continuous  set  on  a  fractionation  plot.  If  the  cloud  data 
are  extrapolated  to  R„  Qrivalues  characteristic  of  the  fallout 
samples,  using  the  slopes  observed  in  the  cloud  samples, 
the  fallout  composition  is  not  obtained.  Hie  inverse 
is  obviously  true  for  the  fallout  samples.  A  plausible  basis 
for  this  result  is  to  be  found  in  Figure  U.l.  ^  values, 
as  calculated,  are  seen  to  approach  a  value  of  1.00  asymptotically 
os  Sr^9/Zr^  approaches  1.  If  a  straight  line  extrapolation 
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of  the  Sr^/Zr95  data  were  made  by  drawing  a  line  through  the 

’  •  90  95 

experimental  points  with  a  slope  of  about  1.05,  the  Sr  / Zr 

in  the  cloud  sample  would  be  over-estimated  by  a  factor  of  4.4. 

While,  in  the  absence  of  other  information,  a  straight  line 

can  be  drawn  through  the  datum  points  of  Figure  4.1  and  fit 

the  data  better  than  the  theoretical  curve  with  constantly 

changing  slope,  the  latter  corresponds  to  a  more  physically 

comprehensible  picture  and  does  not  lead  to  unreasonable 

values  for  the  extrapolated  composition  of  the  cloud  samples. 

It  does,  however,  leave  unanswered  the  basis  for  the  cloud 

fractionation  plots  (Figure  3.1). 

It  should  be  pointed  out  that  there  is  an  element  of 

arbitrariness  in  the  way  the  lines  are  drawn  in  Figure  3.1. 

With,  the  exception  of  the  Nd1^  line,  which  is  drawn  parallel 
99 

to  the  Mo  line,  the  lines  were  drawn  to  converge  at  1.0. 

This  is  physically  reasonable  and  certainly  within  the 

allowed  error  in  the  individual  datum  points,  estimated  to 

l4T 

be  about  10£.  (Our  N4  relative  counting  efficiency  is 
probably  10%  too  high.)  This  arbitrariness  does  not  affect 
the  argument  advanced  in  the  p  races  ding  paragraph. 

The  slopes  of  the  cloud  fractionation  plots  are  evidently 
directly  related  to  the  partition  of  the  individual  radio¬ 
isotopes  between  cloud  and  fallout.  In  fact,  the  ordinate 
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at  R.t  0,,  *0.29  is  the  fraction  of  the  device  activity  of  tne 

95.09 

particular  isotope  in  question  which  ia  found  in  the  Cloud; 
to  within  a  few  percent. 

We  note  that  by  definition,  the  range  of  slopes  is  from 

1  to  0  if  the  abscissa  is  chosen  as  the  R  value  of  the  most 

refractory  with  respect  to  the  most  volatile  isotope,  and 

the  ordinate  is  taker!  with  respect  to  the  volatile  archetype. 

137 

If  an  isotope  is  as  volatile  as  Cs  it  will  have  a  zero 

95 

slope;  if  as  refractory  as  Zr  a  unit  slope.  This  fact  pro¬ 
vides  a  convenient  basis  for  assigning  to  each  isotope  a 
power  (2  +  n),  where  n  is  related  to  the  slope  of  the  fractiona¬ 
tion  plot,  to  describe  the  relationship  between  the  particle 
size  and  specific  activity. 

It  is  evident  that  a  log-normal  distribution  is  not 
required  to  yield  a  straight  line  on  a  logarithmic  plot 
when  activity  is  incorporated  into  the  particle  in  accordance 

with  some  power  of  the  diameter.  In  the  Johnie  Boy  samples 
-3  25 

tne  power  law  fit  D  leads  to  the  some  result. 

The  slopes  given  In  Reference  1  for  coral 
island  surface  shots  are  compared  in  Table  U.6. 

Recalling  that  the  coral  surface  slopes  of  the  logarithmic 
fractionation  correlations  pertain  to  high-yield  bursts, 
ths  higher  values  of  tbs  slopes  for  8r^°,  fit132,  and  Be1*10 
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are  quite  reasonable.  Condensation  tines  are  much  longer 
than  for  Johnie  Boy.  In  the  instances  of  chains  90  and  lhO, 
a  greater  fraction  can  decay  to  alkali  and  alkaline-earth 
elements  while  the  cloud  is  still  hot  and  veil  nixed,  thus 
permitting  a  more  uniform  incorporation  with  Zr9^  and  the 
refractory  isotopes.  The  distinctly  different  behavior 
of  U23®  (reported  by  Freiling  as  Hp239)  is  nost  interesting 
and  may  be  related  to  differencea  in  particle  matrix 
character. 

To  explain  the  relationship  in  the  cloud  samples  betveen 
specific  activity  and  particle  size,  the  surface-to-volune 
concept  of  Freiling  has  much  merit.  A  comparison  of  the 
calculated  percentage  of  activity  of  Zr^  and  Ce1**1*  betveen 
the  tventy  eight  benzene  fractions  with  those  recorded  in 
Table  3.6  reveals  that  the  activity  distribution  of  Zr^ 
is  best  fit  by  a  D  ’  — ’  relationship.  However,  a  choice  of 

would  place  too  much  of  the  refractory  isotopes  in 
the  larger  sized  fractions  (>18  microns).  The  close  similitude 
to  volumetric  incorporation  of  Zr  in  the  cloud  samples  m^ 
be  interpreted  to  argue  in  favor  of  the  assumption  that  Zr^ 
is  reasonably  uniformly  distributed  throughout  the  radioactive 
particles.  However,  two  physical  factors  may  be  at  wort  to 
artefact  this  behavior.  The  low  specific  activity  of  Zr^ 
(l/5th  to  1/Tth  that  expected  for  volatilisation  of  the 

M 
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matrix  and  zirconium  incorporation  in  the  condensate)  suggests 

a  primarily  surface  adherence  and  subsequent  agglomeration  of 

heated,  finer  soil  particles.  Further,  the  surface-to-weight 

ratio  for  highly  irregular  particles  over  the  particle  size 

range  in  question  may  lead  approximately  to  the  calculated 

volume-to-weight  ratio  of  equivalent  spheres.  From  a  pragmatic 

95 

point  of  view  it  suffices  to  treat  the  Zr  and  its  refractory  analogues 
in  this  event  as  exhibiting  close  to  a  relationship  in 

137 

specific  activity  and  to  treat  Cn  ,  the  most  volatile 

isotope,  as  being  incorporated  as  ,  bearing  in  mind  the 

inconsistencies  produced  in  the  particle  fractions <18  microns. 

It  is  tempting  to  interpret  the  slopes  of  the  fractiona¬ 
tion  plots  in  terms  of  the  partition  of  the  isotopes 
between  cloud  and  fallout  for  the  general  case.  However,  as 
a  corollary  to  the  discussion  in  Section  U.7,  two  facts  are 
still  needed:  the  percent  of  the  reference  isotope 
(Zr^  or  Sr®^)  in  the  cloud  and  the  average  value  of  g^or  95 
in  the  cloud. 
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TABU  U. 2  CALCULATED  AHD  OBSERVED  ISOTOPIC  DISTRIBUTIOHS 


Fraction 

D3*0 

JtZr95  D2,8 

ftta106  D2’** 

11K 

120n 

5.20 

8.33  10.3 

11.1 

19.5 

45.2 

17.0 

37.2 

60a 

4.55 

4.58 

8.7 

5.6 

17.8 

13.8 

16.9 

12.6 

30m 

6.20 

4.21 

8.8 

4.6 

16.9 

6.6 

15.5 

6.7 

15m 

5.44 

4.96 

5.8 

5.4 

10.9 

5.1 

9.9 

5.7 

5m 

7.31 

9.32 

6.0 

9.6 

8.8 

6.4 

8.0 

7.5 

3m 

25.3 

21.8 

20.0 

20.9 

13.0 

9.5 

13.9 

12.6 

raal&M 

44.it 

46.8 

40.4 

42.1 

13.0 

13.0 

18.8 

1T.0 

ljtK 

120m 

3.34 

9.0 

3.1 

15.2 

4.0 

43.5 

8.5 

36.8 

60m 

10.3 

5.2 

17.0 

7.5 

22.0 

14.0 

22.6 

12.8 

30m 

8.3 

5-0 

13.3 

6.1 

17.1 

7.0 

18.9 

7.2 

15m 

11.0 

6.0 

14.6 

6.5 

18.4 

5.6 

18.9 

6.2 

5m 

10.9 

11.8 

10.2 

11.6 

12.4 

7.4 

19.8 

8.6 

la 

23.2 

28.0 

16.4 

24.8 

15.2 

11.2 

17.0 

14.1 

rasldut 

33.1 

34.0 

25.4 

28.0 

10.9 

11.0 

13.2 

14.1 
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TABLE  it. 3 


Fraction 


120b 

60m 

30m 

13a 

5a 

la 

residue 


Fraction 


120b 

60b 

30a 

13a 

5a 

la 

residue 


Fraction 


120a 

60n 

30a 

15a 

5a 

la 

residue 


Fraction 


120a 

60a 

30a 

15a 

5a 

la 

residue 


TABLE  4 A  FRACTIONATION  SLOPE8  AND  a  PARAMETER 


Slsso 

n 

C.13T 

-O.Oh 

2.00 

Sr89 

0.00 

2.03 

Sr90 

0.02 

2.06 

Sni29 

0.07 

2_.09 

*132<I13V 

0.12 

2.13 

^129- 

ai6 

2.15 

B.1*0 

&20 

2.19 

Ru106 

0.20 

2.19 

y91 

0.2B 

2.25 

0alUl 

0.38 

2.32 

Ru103 

(0.50) 

2. hi 

No?9 

1.00 

2.80 

to?5 

1.00 

2.80 

Pr1** 

1.00 

2.80 

1.00 

2.80 

Id1* 

1.00 

2.80 

Sha  raluoa  for  I131  and  for  Hu103  In  tho  abort  tablo  art  assuatd 
oo  tho  baala  of  thair  behavior  in  tba  fallout  dobria.  Tha 
interpolated  n  raluaa  should  girt  to  a  fair  degree  tho 
distribution  of  dobria  between  0  and  16  aderono  and  fron 
18  nierona  to  tbo  cut-off  disaster. 
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TABLE  4.5  ISOTOPIC  PARTITION  BETWEEN  LONG  RANGE  AND 
INTERMEDIATE  FALLOUT 


IaotOM 

%  Cloud  Activity  JTotal  Activity 
>l8u  in  cloud  >l8u  in  cloud 

NTotal  Activity 
<l8u  in  cloud 

C.13? 

23 

22 

78 

Sr09 

24 

24 

74 

Sr90 

26 

24 

69 

Sn129 

27 

25 

65 

^132 

29 

26 

56 

d131) 

29 

26 

53 

^129® 

30 

26 

53 

B.lk0 

32 

26 

54 

(Ru106) 

32 

26 

4? 

,91 

35 

24 

43 

celUl 

39 

24 

36 

(Ru103) 

44 

22 

22 

MO99 

66 

19 

9 

Zr99 

66 

19 

9 

PrlU3 

66 

19 

9 

CelU3 

66 

19 

9 

Nd1^ 

66 

19 

9 

Maas 

74 

- 

- 

TABLE  4.6 

COMPARISON  OF  CORAL  SURFACE  AND  CONTINENTAL  SURFACE 
SLOPES 

Coral  Surface 

Johnie  Boy 

_  90 

Sr 

0.24 

a  02 

99 

Mo 

1.10 

1.00 

T*132 

0.40 

a  12 

Cs137 

-0.03 

-0.04 

„  140 

Ba 

a  37 

a  20 

„  144 

Ce 

a  92 

1.00 

U238 


1.02 


22 


Sr»/Zr* 


$30/7,95 - 0 

Y^/Zr95 - Q 

Bo'^/Zr95 - * 

C.WI  /7r95 - O 

kKr  =kX#  =kPr  skl  s° 
kSrskY  skZr 

■fc'* 
k*  8  '5 


Flfur*  4. 1  Fallout  formation  ttm*  and  Rj,w. 
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CHAPTER  5 

CONCLUSIONS  AMO  RECOt#fiHDATION8 
5.1  CONCLUSIONS 

(1)  The  partition  of  Johnie  Boy  debris  between  prompt 
and  delayed  fallout  has  been  established  for  IT  radioisotopes. 
Subsequent  analysis  can  treat  other  fission  product  chains 

on  an  analogical  basis. 

(2)  The  radiochemical  composition  of  prompt  fallout  debris 
has  been  described  semi -quantitatively  for  five  fission  product 
Chains  using  the  concept  of fallout  formation  time  and  physically 
reasonable  attachment  coefficients  for  the  elements.  A 

more  rigorous  and  comprehensive  model  can  probably  be 
developed  describing  the  fractionated  composition  of  all  ' 
Isotopes  in  prompt  fallout. 

(3)  Ihe  specific  activity  as  a  function  of  particle 
size  has  been  semi-quantitatively  formulated  for  four  radio¬ 
isotopes  .  Specific  activity-particle  size  relationships  for 
cloud  debris  samples  can  probably  be  generalized  on  the  basis 
of  the  slopes  of  logarithmic  correlation  plots  of  cloud 
debris  saaples. 

(4)  The  particle  size  distributions  of  the  prompt 
fallout  and  of  the  cloud  are  not  la  agreement  with  currant 
particle  size  models. 


(5)  The  slopes  of  logarithmic  correlation  fractiona¬ 
tion  plots  are  related  to  but  are  not  unique  indices  of 
isotope  partition  between  cloud  and  prompt  fallout.  Straight 
lines  fitting  cloud  fractionation  data  are  not  extrapolable 
to  the  composition  of  fallout  samples. 

(6)  The  comprehensive  description  of  a  fallout  event, 
to  include  radioisotope  partitioning  between  cloud  and  prompt 
fallout,  in  order  to  yield  insights  on  the  basis  of  vhich  yield 
scaling  laws  can  be  developed,  requires  as  a  sine  qua  non  exhaustive 
radiochemical  and  physical  definition  of  both  radioactive 

cloud  and  the  prompt  fallout. 

5.2  RECOMMENDATIONS 

(1)  This  study  is  not  yet  completed.  A  number  of  aspects 
of  the  problem  have  been  treated  with  less  than  the  desired 
rigor  and  should  be  pursued  further  either  by  this  or  other 
laboratories.  Among  these  are:  the  active  versus  the  non¬ 
active  particle  size  distributions  in  the  cloud  debris;  a  better 

137 

analytical  description  of  the  distribution  of  Cs  activity  in 
the  various  benzene  fractions ;  a  better  choice  of  the  average 
Sr «W5  ratio  characteristic  of  the  prompt  fallout,  taking 
into  account  the  fallout  between  6  minutes  and  20  minutes/ 
a  factor  largely  glassed  over  in  the  proceeding  analysis; 
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a  better  definition  of  the  particle  size  distribution  of  the 
active  particles  in  the  prompt  fallout;  a  more  complete 
and  satisfying  treatment  of  predicting  the  composition  of 
prompt  fallout  particles,  particularly  with  respect  to  the 
iodine  isotopes. 

(2)  If  future  opportunities  are  provided  for  studying 
fallout  situations,  equal  emphasis  should  be  given  ground 
and  aerial  sampling  and  analysis  programs. 

(3)  The  methods  used  in  this  study,  or  more  unhurried 
and  sophisticated  versions  thereof,  can  be  applied  profitably 
to  the  post-facto  investigation  of  selected  ground  burst 
events  over  a  range  of  yields,  where  aerial  samples  still 
exist.  The  knowledge  gained  of  the  particle  size  distribution 
of  cloud  samples,  and  the  relationship  between  particle  size 
and  radiochemical  composition  for  Sr^°,  Cs1^  and  Pm^1*^) 

can  be  invoked  after  the  fact,  in  conjunction  with  analyses 
already  a  matter  of  record,  to  assist  in  the  partitioning  of 
the  debris  between  prompt,  intermediate^ and  long  range  fallout, 
as  a  function  of  yield  and  burst  condition. 
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Appendix  A 

CLOUD  PENETRATION 
PROCEDURE 

Cloud  penetration  samples  were  collected  by  three  B-57 
sampling  aircraft  for  this  project.  The  aircraft  penetrated 
the  Johnie  Boy  cloud  at  different  altitudes  and  tines  after 
detonation  (Table  A.  1). 

Although  some  modifications  of  the  procedures  were  made 

during  the  experiment  Just  prior  to  the  penetrations,  the 

( ■ 

general  procedure  for  the  collection  of  samples  by  the  air¬ 
craft  were  the  same.  An  aircraft  was  to  penetrate  the  cloud 
at  a  designated  altitude  and  time  after  detonation  in  straight 
and  level  flight  and  collect  a  sample  in  one  of  the  wing  tip 
sample  collectors .  After  emerging  from  the  cloud,  the  air¬ 
craft  would  again  penetrate  at  another  altitude  and  collect 
a  sample  with  the  other  wing  tip  sample  collector. 

The  crew  was  furnished  a  data  card  for  recording  time  of 
entry  and  exit  of  the  cloud,  maximum  doee  rate  recorded  in 
the  cloud,  total  dose  during  penetration,  airspeed,  altitude, 
temperature,  and  general  comments  on  the  sise  and  shape  of 
the  cloud. 

Immediately  after  a  cloud  penetration,  the  aircraft 
landed  and  the  crew  members  were  removed  from  the  aircraft 
and  monitored  by  a  Rad  Safe  team.  The  aircraft  was  monitored 
and  the  wing  tip  samples  were  then  removed  and  placed  in 
individual  lead  pigs. 
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DISCUSSION 


the  Johnie  Boy  event  was  detonated  one  foot  below  ground 
at  the  Nevada  Teat  Site  on  11  Jul  62  at  09^5  hours,  the  cloud 
reached  a  height  of  approximately  lb ,000  feet  MSL  and  ground 
aero  was  5 ,200  feet  MSL. 

three  B-57  aircraft  from  the  1211th  Sampling  Squadron 
at  Klrtland  Air  Force  Base,  Nev  Mexico, performed  the  cloud 
penetrations.  Two  of  the  aircraft  were  airborne  prior  to 
H-hour  and  penetrated  the  cloud  from  H+20  to  H+33  minutes, 
the  third  aircraft  was  dispatched  at  H+20  minutes  and 
penetrated  the  cloud  at  H+U8  and  H+5b  minutes. 

the  data  as  recorded  by  the  crew  during  the  cloud 
penetrations  are  presented  in  Table  A.  2. 

Photographs  of  the  cloud  at  H+  25  seconds,  H+  1  minute  30 
seconds,  and  H+  2  minutes  30  seconds,  are  shown  in  Figures  A.l 

through  A. 3. 

After  the  samples  were  removed  from  the  aircraft  wing 
tips,  they  were  monitored  and  placed  in  lead  pigs,  the  filter 
sample  from  a  single  vlng  tip  tank  is  divided  into  a  half  and 
two  quarter  samples.  laeh  of  these  seetioos  was  placed  into 
a  single  lead  pig. 

The  data  obtained  from  the  s aspics  immediately  after 
their  removal  from  the  aircraft  appear  in  Table  A  .3.  The  data 
obtained  on  the  s espies  at  legb  hours  appear  is  Table  AA. 
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TABLE  A.S  DATA  FBOM SAMPLES  DOtEIXATELY  AFTER  REMOVAL  FROM  AIRCRAFT 


Aircraft 

— Kp7 — 
Poaltloa* 

“HTSEncSHST" 

at  7"  -  (r/hr) 

Hm  of 

Plaaleas  Correct*! 

.  .  to . 

- to*" 

827 

L-l-1 

1000 

1057 

t.2  X  101* 

lalf 

827 

L-l-2 

360 

1059 

1.5  *  10lk 

Quarter 

8h2 

R-2 

ito 

11U 

7.5  x  1013 

Half 

8ka 

R-l-2 

80 

1115 

h.5  x  1013 

Quarter 

812 

L-2 

120 

1119 

1.9  x  lO1* 

lalf 

812 

L-l-1 

160 

1121 

1.1  x  101* 

Quarter 

8k2 

L-l-2 

175 

1122 

1.2  x  uP 

Quarter 

2h5 

*-1-1 

170 

1158 

1.9  x  lO1* 

Quarter 

f  if  r  poaltloa  I  or  l  laAleataa  right  or  la  ft  «1>(  tip  tank  mputlnlf. 


TABLE  A.4  DOBE  BATE  BXA1XMQ8  ON  SAMPLES  AT  H  +  S4  H0UB8 


Poeltlco  of  Ooa* 
Kata  Heedlnx _ 

842-1-1-1 

842-L-1-8 

842-K-1-? 

887-L-1-2 

812-1-2 

At  the  surfeoe  of 

tha  pi*  vith  the 
pig  closed. 

5 

10 

25 

12 

3 

30 

25 

60 

At  the  aooth  of 

tha  pig  vith  tha 
pig  open. 

Oh  the  eurfaoe  of 
a  1-iach  ale— ter 
plaatlo  vial 

100 

50 

(0 

12 

250 

130 

190 

acetal  ml  ag  a  1- 
■  fa  are  lent  plaoa 
of  tha  aaapla. 

9 

2.3 

6 

h 

0.6 

16 

T 

T 
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«A.l  Aerial  view  of  Johnie  Boy  event  at  H  +  0  minutes,  25  seconds. 
T  EASA  719-8-NTS-62) 


Figure  A. 2  View  of  Johnie  Boy  event,  H  +  1  minute,  30  eeoonde. 
(FCWT  OASA  719-7-NTS-62) 
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Figure  A.3  Aerial  view  of  Johnio  Boy  event,  He 2  minute e,  30  aoconda. 
(FCWT  DABA  719-10-NTS-02) 
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Appendix  B 


PARTICLE  SIZE  AND  SPECIFIC  ACTIVITY  MEASUREMENTS 
Introduction 

The  early  penetration  air  samples  from  the  Johnie  Boy 
test  were  used  to  determine  the  distribution  of  the  various 
radioactive  nuclides  with  respect  to  particle  size.  Included 
were  fission  product  analysis  of  the  samples  at  various  altitudes, 
particle  size  separation  by  settling  methods,  classification 
of  the  particle  sizes  by  microscopy  techniques,  and  gaana 
spectroscopy  of  the  various  size  particles  from  each  of  the 
attitudes . 

The  particle  size  separation  vas  accomplished  by  dry 
ashing  the  filter  papers,  stirring  the  remaining  particles 
in  a  graduated  cylinder  containing  benzene,  and  separating 
and  filtering  the  top  four-fifths  of  the  liquid  after  settling 
times  of  120,  60,  30,  13,  3,  and  1  minute  respectively. 

These  samples  were  split  into  two  portions,  1/U  being  used 
for  particle  sizing  and  3/h  being  reserved  for  gaauta  spectrosnter 
analysis . 

Aerial  Sample  Usage 

Following  is  a  listing  of  the  manner  in  which  the  aerial 
samples  were  used. 
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Aircraft 

Number 

827 

827 

8b2 

8b2 

8b2 

8b2 

8b2 

2b5 

Task  Number  * 

L-l-1 

L-l-2 

R-2 

R-l-2 

L-2 

L-l-1 

L-l-2 

R-l-1 

Altitude(s) 
(1,000  ft) 

lb 

lb 

9.5 

9.5 

11 

11 

11 

12-lb 

Time(s)  of 
Penetration 
(Min) 

20 

20 

33 

33 

25 

20 

25 

20 

25 

20 

b8 

5b 

Amount  of 

Paper  Received 

1/2 

1/b 

1/2 

1/b 

1/2 

1/b 

1/b 

1/b 

Fission 

Product  Analysis 

- 

1/b 

1/2 

- 

- 

1/b 

- 

1/8 

Parbicle 

Sizing 

1/8 

- 

- 

1/8 

3/16 

- 

- 

1/16 

Particle 

Reserve 

1/16 

- 

- 

- 

1/16 

- 

1/8 

- 

Mixed  Fission 

5/16 

• 

_ 

1/8 

1/b 

_ 

1/8 

1/16 

Product  Source 


8— pie  Preparation  for  Particle  Slating 

The  samples  of  IPC  paper  were  placed  in  beakers  and  ashed 
in  a  muffle  furnace  at  b50°C  for  approximately  16  hours; 
some  of  the  samples  were  ashed  up  to  8  hours  longer  because 
of  remaining  carbonaceous  material. 

The  amount  of  residue  for  blank  IPC  paper  was  found  to 
be  only  11.1  mg  per  square  foot  of  paper.  A  full  aerial  IPC 
paper  would  have  an  area  of  4.7$  square  feet  and  baa  $2.7  mg 
of  residue. 
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By  using  this  blank  the  following  calculations  were  made 
to  determine  the  weight  of  particles  that  were  on  the  filter 
paper.  The  diameter  of  the  filter  paper  is  30  Inches  and 
the  diameter  of  the  sampling  area  is  29  1/2  inches. 


Aircraft  Number 

827 

842 

842 

Tank  Number 

L-l-1 

L-l-2 

L-2 

Radius  of  Sampling 

Area  (r8) 

14" 

13" 

14" 

Length  of  Arc  of 

Sampling  Area  (S8) 

8" 

4  3/4" 

6  1/2" 

Area  of  Sampling 

Sector  , .  Ssrs. 

(As  ■  2  ^ 

56  in2 

31.85  in2 

45.5  in2 

Radius  of  paper  ( rp) 

14  1/4" 

13  1/4" 

14  1/4" 

Area  of  paper  (S.J 

8" 

5  1/4" 

6  1/2" 

8  r 

Area  of  paper  (Ap  *  ■  ?-■&) 

5T  in2 

34.8  in2 

46.3  in2 

Wt  of  Particles 
and  Ash 

4.4  mg 

2.7  mg 

3.6  mg 

Wt  of  Paper  Ash 
(Apx  .0772  mg/in  j 

279.7  mg 

232.7  mg 

317.0  mg 

Wt  of  particles 

275.3  mg 

230.0  mg 

313.4  mg 

AS 

%  of  total  paper  (gjfy) 

8.19* 

4 .66% 

6.65* 

Wt  of  particles  on 
total  paper 

3.36  gm 

4.94  gm 

4.72  gm 

Wt  of  particles  mounted 
for  beta  counting 

24.4  mg 

30.8  mg 

40.7  mg 

Reserve  sample 

248.4  mg 

197.8  rag 

272.1  mg 
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‘ation  of  Particle*  by  Site 


The  following  apparatus  was  constructed  In  order  to  obtain 


homogeneous  nixing. 


Blades  of  Propeller 

c8o  TW 


Side 


Blade  pitch  set  at 
U5  degrees  to  vertical 
and  each  of  the  four 
blades  is  set  at  90 
degrees  rotation  with 
respect  to  the  nearest 


Stirring  Motor 


Stirring  paddle  with 
blades  pitched  to 
push  particles  toward 
top  of  cylinder 


500  ml  graduated  cylinder 


neighboring  set  of  blades. 


The  particles  which  remained  after  the  ashing  vere  slurried 
in  bentene  and  transferred  to  the  5 00- ml  graduated  cylinder. 
Benzene  (reagent  grade)  was  added  to  bring  the  liquid  up  to 
the  500- ml  mark.  The  stirring  paddle  was  inserted  into  the 
solution  and  the  solution  was  stirred  for  thirty  minutes. 

The  paddle  was  then  removed  and  rinsed  with  a  few  milliliters 
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and  the  remaining  3 A  of  the  sample  vas.  reserved  for  gamma 
spectra  analysis.  There  were  a  total  of  28  samples  produced 
by  this  method. 

Microscope  Sizing  of  Particles. 

One  quarter  of  the  filtered  particles  was  placed  in  a  test 
tube  and  about  two  ml  of  a  dilute  collodion  solution  (1  part 
collodion;  10  parts  ethyl  alcohol;  10  parts  ethyl  ether  ) 
vas  added  to  slurry  the  particles.  The  slurry  vas  then  transferred 
to  a  glass  plate  and  allowed  to  evaporate.  The  resultant  layer 
vas  very  thin  and  allowed  two-dimensional  measurement  of  the 
particles . 

The  apparatus  used  vas  a  Bausch  and  Lamb  microscope  vith 
12.5  power  eyepieces  and  8X,  10X,  20X;  and  UOX  lenses  giving 
total  magnifications  of  100X,  125X,  250X,  and  500X.  The 
measuring  device  vas  a  variable  hairline  eyepiece  that 


Each  time  the  dial  on  the  right  of  the  eyepiece  rotated 
om  revolution,  the  hairline  moved  one  division  on  the 
scale.  The  dial  vas  graduated  in  one  hundred  division*. 
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The  scales  were  calibrated  by  placing  a  standard  plate  graduated 
in  0.1  mm  and  0.01  mm  under  the  microscope  and  finding  the  number 
of  divisions  on  the  eyepiece  scale  corresponding  to  0.01  mm. 

The  following  calibrations  were  determined. 


100X 

1.03  divisions/micron 

125X 

1.27  divisions /micron 

250X 

2.70  divisions /micron 

500X 

5.27  divisions /micron 

The  lower  limit  of  measurement  was  around  5  divisions 
on  each  of  the  scales  and  the  precision  for  each  measurement 
was  2  divisions. 

The  plates  containing  the  particles  were  placed  on  the 
stage  of  the  microscope  and  the  stage  was  moved  to  find  an 
area  of  significant  concentration  of  particles.  The  field  of 
measurement  was  a  rectangle  bordered  on  the  sides 
by  the  #0  and  #10  lines  and  on  the  top  and  bottom  by  the  ends 
of  the  shortest  lines  (e.g.fline  No.  4).  The  stage  was  then 
moved  vertically  to  the  next  field.  This  was  continued 
until  a  suitable  number  of  measurements  had  been  obtained. 

The  measurements  were  all  made  horizontally  and  measured 
only  the  horizontal  width  as  the  particle  was  lying.  The 
following  diagrams  will  show  the  distance  measured  for 
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various  types  of  particles.  This  distance  is  from  point  A 
to  point  B. 


The  distance  from  A  to  B  was  found  by  talcing  the  difference 
between  the  two  readings  on  the  scale  mounted  on  the  eyepiece. 
The  measurements  were  recorded  as  divisions  and  classified 
by  frequency  occurrence  for  each  sice. 

In  order  to  obtain  a  statistical  distribution  of  the 
number  of  small  particles  with  relation  to  the  number  of  large 
particles,  glass  plates  of  particles  from  unfractionated 
portions  of  Samples  827-L-l-l  and  8U2-L-2  were  measured  at 
magnifications  of  5.27,  2.70,  and  1.03  divisions  per  micron. 

The  conversion  factor  of  the  areas  observed  is  expressed  hr: 


26.2  and 


i2jo£ 

(1.03)® 


6,68 
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of  benzene  and  the  solution  vas  allowed  to  settle  for  120 
minutes.  The  top  U00  ml  of  the  500  ml  of  liquid  was  then 
carefully  siphoned  off  and  filtered  on  a  filter  tower  through 
Whatman  #  U2  7/8-inch  diameter  filter  paper.  (On  a  total  sample 
slurried  in  benzene  and  filtered  by  this  method,  no  appreciable 
radioactivity  was  found  when  the  filtrate  vas  evaporated 
to  dryness  on  a  platinum  disc.) 

The  above  procedure  was  then  repeated  in  order  to  obtain 
the  other  fractions .  This  procedure  produced  seven  size  fractions 
as  follows: 


Nomenclature 


8tirrin«  Time 

Settling  Time 

of  Fraction 

30  minutes 

120  minutes 

120 

30  minutes 

60  minutes 

60 

30  minutes 

30  minutes 

30 

5  minutes 

15  minutes 

15 

5  minutes 

5  minutes 

5 

5  minutes 

1  minute 

1 

lone  None  Residue 

This  procedure  was  accomplished  on  samples  from  14,000  (Figure  B.l) 
11,000;  12  to  14,000  and  9,000  feet.  Each  of  the  filter  papers 
containing  the  particles  was  sliced  with  a  scalpel  into  two 

fractions,  aoe-fonrlfc  of  gw  samples  Msg  used  for  particle  sizing. 

UN 


t 


If  the  particle  else  frequency  for  ell  of  the  particles 
Measured  at  5*27  div/v  Magnification  it  Multiplied  by  26.2  y 
it  vill  bring  both  sets  of  data  into  ccaparlscn  for  the  total 
particle  size  picture. 

The  heavier  fractions  from  the  various  altitudes 
contained  spheres  ranging  in  disaster  from  20  ei crons  to 
150  microns.  Some  of  these  spheres  had  cracked  surfaces  and 
others  appeared  to  be  completely  snooth.  Some  of  the  spheres 
had  been  broken ,  possibly  in  the  mixing  of  the  samples .  Some 
of  the  heavier  fractions  and  the  unfractionated  samples  vers 
measured  for  spheres  only.  Each  fraction  vas  photographed. 
Many  of  these  photographs  show  clearly  the  presence  of  the 
previously  described  spheres. 

Following  is  a  listing  of  the  number  of  particles  slssd 
from  each  of  tbs  fractions. 


All  Particles 

Spheres  Only 

Humber 

Sized 

Magnifi¬ 

cation 

Number 

Sized 

Magnifi¬ 

cation 

9.5K 

Residue 

too 

100X 

100 

100X 

9.5K 

1  Minute 

Uto 

100X 

• 

- 

9.5K 

5  Minute 

360 

100X 

- 

- 

9.5K 

15  Minute 

300 

250X 

- 

- 

9.5* 

30  Minute 

260 

250X 

as 

— 
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All  Particles 

Spheres  Only 

Humber 

Sized 

Magnifi¬ 

cation 

Number 

Sized 

Magnifi 

cation 

9.5K 

60  Minute 

2U0 

500X 

- 

- 

9.5K 

120  Minute 

200 

500X 

- 

- 

lUK 

Residue 

UOO 

100X 

100 

100X 

iUk 

1  Minute 

Uoo 

125  X 

60 

100X 

iUk 

5  Minute 

300 

100X 

- 

- 

lUK 

15  Minute 

Uoo 

500X 

- 

- 

IUk 

30  Minute 

280 

250X 

- 

- 

iUk 

60  Minute 

U32 

500X 

- 

- 

iUk 

120  Minute 

320 

500X 

- 

IUk 

Un fractionated 

285 

100X 

60 

100X 

iUk 

Un fractionated 

3U 

250X 

- 

- 

iUk 

Unfractioaated 

360 

500X 

- 

- 

11K 

Unfracti on ate d 

112 

100X  . 

233 

100X 

UK 

Unfractioaated 

253 

250X 

- 

- 

UK 

Unfractioaated 

360 

500X 

_ 

_ 

no 
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120  Minute 


19x</div 


"V  *  fr  V 


60  Minute 


l&^/div 


15Mtaute 


37^/div 


5  Minute 


37xt/div 


87*/**. 


Figure  B.  1  Photomicrographs  of  14,000-foot  fractionated  samples. 
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Appendix  C 


CALCULATES  DISTRIBUTION  FUHCTIOMB  FOR  BBBMB  IXPUHMBR 


Dg  ■  *50  D  Cut-0ff-49u 


Fraction 

2.00 

SiSl 

2.50 

iill 

l!°0 

120m 

50.26 

38.82 

27.44 

17.89 

10.97 

60m 

16.91 

15.01 

12.38 

9.49 

6.88 

30m 

8.29 

8.91 

8.82 

8.02 

6.77 

13m 

5.93 

7.46 

8.47 

8.70 

8.23 

5m 

6.75 

9.79 

12.70 

14.83 

15.90 

lm 

7.68 

12.77 

19.01 

25.47 

31.33 

residue 

4.15 

7.20 

11.17 

15.57 

19.88 

V 

1.00  D 

Cut-Off-49u 

120m 

4l.4l 

31.83 

22.78 

15.26 

9.68 

60m 

17.07 

14.77 

12.01 

9.20 

6.69 

30m 

9.80 

9.87 

9.31 

8.21 

6.84 

15m 

7.53 

8.63 

9-17 

9.05 

8.38 

5m 

8.76 

11.45 

13.82 

15.46 

16.20 

lm 

10.00 

14.97 

20.70 

26.55 

31.92 

residue 

5.39 

8.44 

12.17 

16.24 

20.26 

2.00  D 

Cut-Off-49v 

120m 

29.49 

22.64 

16.45 

11.35 

7.48 

60m 

16.91 

14.21 

11.38 

8.67 

6.34 

30m 

11.79 

11.06 

9.95 

8.49 

6.94 

15m 

9.75 

10.21 

10.14 

9.57 

8.62 

5m 

11.59 

13.72 

15.40 

16.42 

16.72 

lm 

13.28 

17.96 

23.09 

28.21 

32.95 

residue 

7.23 

10.18 

13.60 

17.27 

20.92 

V 

3.00  0 

Cut-Off-49w 

120m 

20.74 

15.94 

11.71 

8.25 

5.58 

60m 

16.21 

13.39 

10.62 

8.09 

5.94 

30m 

13.18 

11.93 

10.37 

8.68 

7.00 

15m 

11.48 

11.41 

10.89 

10.00 

8.84 

5m 

13.85 

15.50 

16.66 

17.24 

17.19 

lm 

15.91 

20.33 

25.00 

29.62 

33.91 

residue 

10.23 

12.66 

15.55 

18.7T 

21.86 
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D  «  .50  D  Cut-Off  76m 


Traction 

2.00 

2.25 

2^ 

2J1 

hSS. 

120m 

1(8.18 

35.64 

23.57 

14.10 

7.84 

60m 

16.21 

13.78 

10.63 

7.48 

4.91 

30m 

7.95 

8.18 

7.58 

6.32 

4.84 

15m 

5.69 

6.85 

7.28 

6.86 

5.88 

5m 

6.1(8 

8.99 

10.91 

11.70 

11.36 

lm 

8.18 

13.30 

18.97 

23.95 

27.49 

residue 

7.29 

13.23 

21.04 

29.56 

37.65 

D  ■ 

1.00  D  Cut-Off  T6u 

120m 

39.21 

28.81 

19.33 

11.92 

6.87 

60m 

16.16 

13.37 

10.19 

7.19 

4.76 

30m 

9.28 

8.94 

7.90 

6.42 

4.86 

15m 

7.13 

7.81 

7.78 

7-07 

5.95 

5m 

8.30 

10.37 

11.73 

12.09 

11.51 

lm 

10.51 

15.37 

20.41 

24.75 

27.87 

residue 

9.38 

15.30 

22.64 

30.54 

38.16 

D  - 

2.00  D  Cut-Off  76w 

120m 

27.44 

20.11 

13.72 

8.76 

5.27 

60m 

15.73 

12.62 

9.49 

6.69 

4.46 

30a 

10.97 

9.86 

8.30 

6.55 

4.88 

15m 

9.08 

9.06 

8.46 

7.38 

6.07 

5a 

10.79 

12.19 

12.84 

12.66 

11.77 

la 

13.72 

18.11 

22.37 

25.94 

28.49 

residue 

12.30 

18.06 

24.84 

32.03 

39.04 

D  ■ 

3.00  D  Cut-Off  7611 

120a 

19. 04 

13.95 

9.64 

6.29 

3.89 

60m 

14.88 

11.73 

8.74 

6.16 

4.14 

30m 

12.10 

10.44 

8.53 

6.62 

4.89 

15a 

10.54 

9.99 

8.96 

7.62 

6.17 

5a 

12.72 

13.57 

13.71 

13.14 

12.00 

la 

16.22 

20.19 

23.90 

26.94 

29.07 

residue 

15.99 

21.14 

27.19 

33.65 

40.05 
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D  ■  .50  D  Cut-0ff-137v 


Fraction 

2.00 

hSL 

2.50 

2.75 

3.00 

120m 

45.94 

32.10 

19.39 

10.32 

5.00 

60m 

15.46 

12.42 

8.75 

5.48 

3.14 

30m 

7.58 

7.37 

6.23 

4.62 

3.09 

15« 

5.43 

6.17 

5.99 

5.02 

3.76 

5m 

6.18 

8.09 

8.98 

8.55 

7.25 

la 

7.80 

11.98 

15.62 

17.51 

17.56 

residue 

11.60 

21.84 

35.02 

48.50 

60.18 

D  ■ 

1.00  D  Cut-0ff-137u 

120m 

36.90 

25.57 

15.70 

8.64 

4.37 

60m 

15.21 

11.87 

8.28 

5.21 

3.03 

30m 

8.74 

7.93 

6.42 

4.65 

3.09 

15n 

6.71 

6.93 

6.32 

5.12 

3.78 

5m 

7.81 

9.20 

9.52 

8.75 

7.31 

lm 

9.89 

13.64 

16.57 

17.94 

17.71 

residue 

14.73 

24.86 

37.18 

49.67 

60.70 

D  ■ 

2.00  D  Cut-0ff-137w 

120m 

25.37 

17.49 

10.94 

6.26 

3.32 

60m 

14.55 

10.98 

7.56 

4.78 

2.82 

30a 

10.15 

8.58 

6.62 

4.68 

3.08 

15a 

8.39 

7.88 

6.74 

5.27 

3.83 

5* 

9.97 

10.60 

10.25 

9.05 

7.42 

la 

12.68 

15.74 

17.85 

18.55 

17.96 

residue 

18.95 

28.74 

40.05 

51.39 

61.57 

D  - 

3.00  D  Cut- 

-Off-137u 

120a 

17.36 

11  .96 

7.58 

4.45 

2.44 

60a 

13.57 

10.05 

6.87 

4.36. 

2.59 

30a 

11.03 

8.95 

6.71 

4.67 

3.06 

15a 

9.61 

8.56 

7.05 

5.38 

3.86 

5a 

11.59 

11.62 

10.78 

9.29 

7.51 

la 

14.79 

17.30 

18.80 

19.05 

18.19 

residue 

23.40 

32.44 

42.71 

53.07 

62.49 
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D  ■  .50  D  Cut -Off -120  v 


Fraction 

2.00 

2.25 

2.50 

i 

h°o 

120b 

b6.  bo 

30.8b 

20.25 

11.06 

5.5b 

60a 

15.61 

12.70 

9.13 

5.87 

3.b7 

30b 

7.66 

7.5b 

6.51 

b.96 

3.b2 

15b 

5.b8 

6.31 

6.25 

5.38 

b.16 

5b 

6.2b 

8.28 

9.38 

9.17 

8.02 

lB 

7.88 

12.26 

16.30 

18.78 

19 -bl 

residue 

10.72 

20.06 

32.16 

bb.77 

55.97 

D  ■  1.00  D  Cut-0ff-120y 


120b 

37.36 

26.23 

16.  b3 

9.28 

b.8b 

60a 

15.  bo 

12.18 

8.67 

5.60 

3.35 

30b 

8.85 

8.13 

6.71 

5.00 

3.b2 

15b 

6.80 

7.11 

6.62 

5.50 

b.19 

5a 

7.91 

9.bb 

9.97 

9.bl 

8.10 

la 

10.02 

13.99 

17.35 

19.27 

19.60 

residue 

13.65 

22.90 

3b. 2b 

b5.93 

56.50 

D  • 

2.00  D 

Cut -Of f -120 y 

120a 

25.78 

18.02 

11.50 

6.7b 

3.68 

60b 

lb. 78 

11.31 

7.95 

5.15 

3.12 

30b 

10.31 

8.8b 

6.96 

5.05 

3.bl 

15a 

8.52 

8.12 

7.08 

5.68 

b.2b 

5a 

10.1b 

10.92 

10.77 

9.75 

8.23 

la 

12.89 

16.22 

18.75 

19.99 

19.91 

residua 

17.62 

26.59 

37.02 

b7.65 

57. bO 

0  ■  3.00  D  Cut -Off- 12 Oy 


120a 

17.69 

12.36 

7.99 

b.80 

2.71 

60a 

13.63 

10.38 

7.2b 

b.71 

2.88 

30a 

11.2b 

9.25 

7.07 

5.05 

3. bO 

15a 

9.80 

6.65 

7.b3 

5.82 

b.29 

5a 

11.82 

12.02 

11.36 

10.02 

8.3b 

la 

15.07 

17.85 

19.80 

80.57 

20.19 

residue 

21.9b 

90.20 

39.65 

b9.3b 

58.37 
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Appendix  D 

ELECTRON  MICRO  PROBE  ANALYSIS 

Two  hundred  and  fifty  Johnie  Boy  particles  have  been 
analyzed  by  an  Applied  Research  electron  microprobe.  Elemental 
analysis  within  the  limits  of  the  probe  was  performed  on 
particles  sampled  from  different  heights  in  the  atmosphere. 
Ratios  of  the  elements  versus  particle  size  were  calculated  for 
the  Johnie  Boy  particles.  Electron  backscatter  displays 
were  used  as  a  criterion  for  determining  the  size  of  the 
particles  (see  Figures  D.3a,  D.3c,  and  D.3d),  as  well  as  means 
for  positioning  the  analyzing  beam. 

OPERATING  CONDITIONS  AND  PROCEDURES 

Particle  Sizes.  Particle  sizes  determined  by  the  electron 
backs  cat  ter  displays  were  validated  by  a  calibrated,  standard, 
copper-silver  grid  whose  wire  mesh  diameters  were  determined 
by  Applied  Research  Laboratories.  On  a  360- micron  sweep  at 
a  30-kv  accelerating  potential  the  electron  beam  covers  an 
area  of  129,600  square  microns.  Under  these  conditions,  at 
an  electronic  magnification  of  IX  (optical  equivalent  222X) 
the  dominant  copper  grid  wire  has  a  diameter  of  thirty  microns 
edge  to  edge.  From  the  copper  wire  grid  backscatter  representa¬ 
tion  on  the  oscilloscope,  it  vas  determined  that  each  small 
gradient  represented  5  microns  in  length. 

lie 


SICRBT 


I 


Particle  Analysis.  An  electron  bean  accelerating  voltage 
of  30  kv  was  usedj  and  a  sample  current  of  0.05  micro  amps 
vas  maintained  throughout  the  analysis.  A  beam  spot  sise  of 
approximately  1  micron  vas  used.  The  particles  from  Johnie 
Boy  were  mounted  on  highly  polished  beryllium  rods  and  placed 
in  a  specimen  holder.  These  particles  vere  then  positioned 
inside  the  probe.  A  spot  scan  from  edge  to  edge  of  the  particle 
vas  used  for  the  analysis.  The  intensity  versus  wavelength  data 
vere  recorded  and  subsequently  used  to  determine  a  relative 
weight  percent  of  the  elements  present. 

Standardization .  The  Johnie  Boy  particles  vere  calibrated 
against  elghteeen  stainless  steel  microspheres.  The  analysis 
of  the  microspheres  vas  carried  out  at  30  kv  and  0.05  microaaps 
sample  current.  However,  a  somevhat  different  4-inch  LiF  detector 
voltage  setting  vas  used  than  for  the  Johnie  Boy  particles. 

The  results  of  the  microspheres  analyses  are  listed  in  Table  D.l. 
The  ratios  of  Cr/Fe  and  Ni/Fe  in  the  microspheres  are  plotted 
in  Figure  D.2. 

Our  analysis  of  these  spheres  agreed  with  independent 


microprobe  data  from  Tracerlab  on  the  same  controlled  ssmple 


batch.  The  compositions  of  the  stainless  steel  microspheres 

were  independent  of  particle  sice. 
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The  next  step  was  the  recalibration  and  calculation 
of  the  relative  elemental  percentages  of  the  Johnie  Boy 
particles  with  respect  to  the  same  4-inch  LiF  detector  setting  as 
was  used  for  the  stainless  steel  microspheres .  The  recorder 
unit  scale  readings  were  adjusted  to  give  readings  equivalent 
to  those  vhich  would  have  been  obtained  had  the  X-ray 
detector  settings  been  the  same  for  the  Johnie  Bey  particles 
and  the  stainless  steel  microspheres. 

Elemental  ratios  have  been  plotted  for  the  Johnie  Boy 
particles  (see  Figure  D.l).  The  final  relative  mean  average 
composition  for  the  Johnie  Boy  particles  was  calculated  taking 
into  account  corrections  for  absorbance  and  atomic  number. 

These  final  calculations  are  listed  in  Table  D.2. 

The  formula  used  for  the  relative  mean  average  composition 
of  the  Johnie  Boy  particles  was  the  following: 


where 


Initial  relative  mean  average  composition 
for  element  (n). 

Absorbance  correction  factor  for  element  (n). 

Atomic  number  correction  factor  for  element  (n). 

Final  relative  mean  average  oompoeition  for  element  (n). 
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RESULTS  AND  DISCUSSION 

The  following  elements  were  scanned  for  and  were  not 
found  to  be  present  in  the  Johnie  Boy  spherical  metallic  oxide 
particles  vithin  the  detectable  limits  of  the  probe:  Al, 

U,  Ti ,  Sn,  Fb ,  Ta,  Rb,  W,  Mg,  Cu,  Ag,  An, 

The  relative  mean  average  composition  of  the  metallic 
oxide  particulates,  vhich  indeed  constituted  the  majority 
under  investigation  was  6k. 9%  Fe,  2.0%  Mn,  19 . k%  Cr,  lU.Ujt  Ni 
(see  Figure  Hi).  Some  thirty  metallic  particles  contained 
zinc  and  six  of  these  thirty  particles  contained  traces  of  cobalt. 
It  was  found  that  the  analytical,  results  were  independent  of 
the  particle  size. 

Many  of  the  Johnie  Bey  metallic  particles  were  elliptodial 
or  spherical  in  shape,  some  were  irregular  in  shape  (Figures  D.3a,  D.3c) 
as  compared  to  Figure  D.3d,  an  electron  backscatter  display  of 
spherical  stainless  Bteel  microspheres. 

Most  of  the  Johnie  Boy  particles  contained  iron,  with 
the  elements  Mn,  Cr,  Ni,  Zn  being  present.  All  shewed  a 
tendency  to  be  enriched  relative  to  iron  as  the  particle  else 
increased  (see  Figure  D.l). 
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TABLE  D.l  316  STAINLESS  STEEL  MICROSPHERES 


*0. 

Size  u 

Fe 

Cr 

Hi 

1 

55 

63.5 

20.0 

13.5 

2 

45 

62.5 

21.5 

13.0 

3 

30 

62.0 

20.5 

14.0 

4 

45 

62.0 

22.0 

13.0 

5 

50 

63.0 

21.5 

12.5 

6 

15 

62.5 

20.5 

13.5 

7 

25 

62.0 

21.5 

13.0 

8 

20 

62.0 

20.5 

13.0 

9 

25 

62.0 

21.0 

13.5 

10 

20 

63.0 

22.0 

13.0 

11 

35 

62.5 

21.5 

13.5 

12 

45 

62.0 

22.0 

13.0 

13 

30 

62.0 

21.0 

13.5 

14 

55 

63.0 

20.0 

13.0 

15 

40 

62.5 

21.5 

13.0 

16 

55 

62.5 

21.0 

13.5 

17 

40 

62.0 

20.5 

14.0 

18 

35 

63.0 

21.5 

13.0 

Ns,  for  all  particle  a  1.5$ 

TABLE  D.2 

CORRECTION  FACTORS  FOR  ELECTRON 
MICROPROBE  ANALYSES 

(n) 

*<»> 

V) 

B(n) 

X(n> 

Fa 

66.0 

1.00 

.984 

64.9 

Vi 

13.2 

1.10 

.992 

14.4 

2.2 

1.00 

.910 

2.0 

Cr 

17.5 

1.15 

.965 

19.4 
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Figur*  D.l  316  it*lnl»»»  ctMl  micro apbaraa. 
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